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GENE SILENCING 

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 

[0001] This regular U.S. patent application claims priority to U.S. 
provisional application serial numbers 60/612,638, filed on September 24, 2004, 
60/619,959, filed on October 20, 2004, 60/653,609, filed on February 16, 2005, and 
60/668,071, filed on April 5, 2005, all of which are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to unique constructs for producing a 
nucleic acid product that downregulates or prevents expression of a desired target 
polynucleotide. 

BACKGROUND OF THE INVENTION 

[0003] Suppression of gene expression may be accomplished by constructs 
that trigger post-transcriptional or transcriptional gene silencing. These silencing 
mechanisms may downregulate desired polynucleotide or gene expression by 
chromatin modification, RNA cleavage, translational repression, or via hitherto 
unknown mechanisms. See Meister G. and Tuschl T., Nature, vol. 431, pp. 343-349, 
2004. 

[0004] A construct that is typically used in this regard contains a desired 
polynucleotide, which shares sequence identity with at least part of a target gene that 
is operably linked to a promoter and a terminator. As is well appreciated, the 
promoter initiates transcription, while the terminator ends transcription at a specific 
site and subsequently mediates polyadenylation. Such transcript processing is 
important for stability of the transcript and its transport from the nucleus and into the 
cytoplasm. 
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[0005] In this regard, the terminator plays an important role in conventional 
gene silencing constructs. For instance, WO 99/53050 describes a construct that 
comprises a promoter, a polynucleotide comprising a first sequence with homology to 
a target gene and a second sequence that is inverse complementary to the target gene, 
and a terminator. A terminator of conventional constructs does not necessarily have 
to be positioned immediately downstream from the desired polynucleotide. For 
instance, Mette and co-workers described a plasmid that contains a desired 
polynucleotide that is separated from an operably linked terminator by a hygromycin 
gene ( Mette et aL, EMBO J 18: 241-8, 1999; Mette et al., EMBO J 19: 5194-201, 
2000). 

[0006] Other conventional constructs designed to silence genes contain a 
polynucleotide in the sense or antisense orientation between promoter and terminator. 
Such a conventional gene silencing construct typically produces RNA transcripts that 
are similar in size, determined by the distance from transcription start to termination 
cleavage site and the poly-adenylated tail. 

[0007] The present invention relates to new strategies and constructs for 
gene silencing that are generally more effective than conventional constructs. 
Furthermore, the present invention relates to new strategies and constructs for gene 
silencing using a polynucleotide that is not operably linked to a promoter and a 
terminator but is instead operably linked to two convergently-oriented promoters. 

SUMMARY OF THE INVENTION 

[0008] Strategies and constructs of the present invention can be 
characterized by certain features. A construct of the present invention, for instance, 
may not comprise a DNA region, such as a terminator, that is involved in 3 3 -end 
formation and polyadenylation. Alternatively, the construct may comprise a non- 
functional terminator that is naturally non-functional or which has been modified or 
mutated to become non- functional. 
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[0009] A construct may also be characterized in the arrangement of 
promoters at either side of a desired polynucleotide. Hence, a construct of the present 
invention may comprise two or more promoters which flank one or more desired 
polynucleotides or which flank copies of a desired polynucleotide, such that both 
strands of the desired polynucleotide are transcribed. That is, one promoter may be 
oriented to initiate transcription of the 5 '-end of a desired polynucleotide, while a 
second promoter may be operably oriented to initiate transcription from the 3 '-end of 
the same desired polynucleotide. The oppositely-oriented promoters may flank 
multiple copies of the desired polynucleotide. Hence, the "copy number" may vary so 
that a construct may comprise 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 30, 40, 50, 60, 70, 80, 
90, or 100, or more than 100 copies, or any integer in-between, of a desired 
polynucleotide ultimately flanked by promoters that are oriented to induce convergent 
transcription. 

[0010] Alternatively, a first promoter may be operably linked to a first 
polynucleotide in "cassette A," for instance, and a second promoter may be operably 
linked to a second polynucleotide, e.g., "cassette B " The polynucleotides of each 
cassette may or may not comprise the same nucleotide sequence, but may share some 
percentage of sequence identity with a target nucleic acid of interest. The cassettes 
may be tandemly arranged, i.e., so that they are adjacent to one another in the 
construct. Furthermore, cassette B, for instance, may be oriented in the inverse 
complementary orientation to cassette A. In this arrangement, therefore, transcription 
from the promoter of cassette B will proceed in the direction toward the promoter of 
cassette A. Hence, the cassettes are arranged to induce "convergent transcription." 

[0011] If neither cassette comprises a terminator sequence, then such a 
construct, by virtue of the convergent transcription arrangement, may produce RNA 
transcripts that are of different lengths. 

[0012] In this situation, therefore, there may exist subpopulations of partially 
or fully transcribed RNA transcripts that comprise partial or full-length sequences of 
the transcribed desired polynucleotide from the respective cassette. Alternatively, in 
the absence of a functional terminator, the transcription machinery may proceed past 
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the end of a desired polynucleotide to produce a transcript that is longer than the 
length of the desired polynucleotide. 

[0013] In a construct that comprises two copies of a desired polynucleotide, 
therefore, where one of the polynucleotides may or may not be oriented in the inverse 
complementary direction to the other, and where the polynucleotides are operably 
linked to promoters to induce convergent transcription, and there is no functional 
terminator in the construct, the transcription machinery that initiates from one desired 
polynucleotide may proceed to transcribe the other copy of the desired polynucleotide 
and vice versa. The multiple copies of the desired polynucleotide may be oriented in 
various permutations: in the case where two copies of the desired polynucleotide are 
present in the construct, the copies may, for example, both be oriented in same 
direction, in the reverse orientation to each other, or in the inverse complement 
orientation to each other, for example. 

[0014] In an arrangement where one of the desired polynucleotides is 
oriented in the inverse complementary orientation to the other polynucleotide, an 
RNA transcript may be produced that comprises not only the "sense" sequence of the 
first polynucleotide but also the "antisense" sequence from the second polynucleotide. 
If the first and second polynucleotides comprise the same or substantially the same 
DNA sequences, then the single RNA transcript may comprise two regions that are 
complementary to one another and which may, therefore, anneal. Hence, the single 
RNA transcript that is so transcribed, may form a partial or full hairpin duplex 
structure. 

[0015] On the other hand, if two copies of such a long transcript were 
produced, one from each promoter, then there will exist two RNA molecules, each of 
which would share regions of sequence complementarity with the other. Hence, the 
"sense" region of the first RNA transcript may anneal to the "antisense" region of the 
second RNA transcript and vice versa. In this arrangement, therefore, another RNA 
duplex may be formed which will consist of two separate RNA transcripts, as opposed 
to a hairpin duplex that forms from a single self-complementary RNA transcript. 
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[0016] Alternatively, two copies of the desired polynucleotide may be 
oriented in the same direction so that, in the case of transcription read-through, the 
long RNA transcript that is produced from one promoter may comprise, for instance, 
the sense sequence of the first copy of the desired polynucleotide and also the sense 
sequence of the second copy of the desired polynucleotide. The RNA transcript that 
is produced from the other convergently-oriented promoter, therefore, may comprise 
the antisense sequence of the second copy of the desired polynucleotide and also the 
antisense sequence of the first polynucleotide. Accordingly, it is likely that neither 
RNA transcript would contain regions of exact complementarity and, therefore, 
neither RNA transcript is likely to fold on itself to produce a hairpin structure. On the 
other hand the two individual RNA transcripts could hybridize and anneal to one 
another to form an RNA duplex. 

[0017] Hence, in one aspect, the present invention provides a construct that 
lacks a terminator or lacks a terminator that is preceded by self-splicing ribozyme 
encoding DNA region, but which comprises a first promoter that is operably linked to 
a first polynucleotide and a second promoter that is operably linked to second 
polynucleotide, whereby (1) the first and second polynucleotide share at least some 
sequence identity with each other, (2) the first promoter is oriented such that the 
direction of transcription initiated by this promoter proceeds towards the second 
promoter, and vice versa, and (3) this convergent arrangement produces a range of 
RNA transcripts that are generally different in length. 

[0018] The desired polynucleotides may be perfect or imperfect repeats of 
one another, or perfect or imperfect inverse complementary repeats of one another. In 
the case of a construct that comprises a first polynucleotide and a second 
polynucleotide, the second polynucleotide may be fully or partially identical in 
nucleotide sequence to the first polynucleotide and oriented in the direct or inverse 
complementary orientation with respect to the first polynucleotide. Hence, the first 
and second polynucleotides may be perfect repeats of one another. On the other hand, 
the second polynucleotide may be an imperfect repeat of the first polynucleotide, that 
is the second polynucleotide may share sequence identity with the first 
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polynucleotide, but is not fully or partially identical in sequence, i.e., the second 
polynucleotide is an imperfect repeat. That second polynucleotide also may be 
oriented as a direct repeat or positioned in the inverse complementary orientation with 
respect to the first polynucleotide. 

[0019] Any of the polynucleotides described herein, such as a desired 
polynucleotide, or a first or second polynucleotide, for instance, may be identical to at 
least a part of a target sequence, or may share sequence identity with at least a part of 
a target sequence. When a desired polynucleotide comprises a sequence that is 
homologous to a fragment of a target sequence, i.e., it shares sequence identity with 
"at least a part of a target sequence, then it may be desirable that the nucleotide 
sequence of the fragment is specific to the target gene, and/or the partial perfect or 
imperfect sequence of the target that is present in the desired polynucleotide is of 
sufficient length to confer target-specificity. Hence the portion of the desired 
polynucleotide that shares sequence identity with a part of a target sequence may 
comprise a characteristic domain, binding site, or nucleotide sequence typically 
conserved by isoforms or homologs of the target sequence. It is possible, therefore, to 
design a desired polynucleotide that is optimal for targeting a target nucleic acid in a 
cell 

[0020] In another embodiment, the desired polynucleotide comprises a 
sequence of preferably between 4 and 5,000 nucleotides, more preferably between 50 
and 1,000 nucleotides, and most preferably between 150 and 500 nucleotides that 
share sequence identity with the DNA or RNA sequence of a target nucleic acid. The 
desired polynucleotide may share sequence identity with at least 15, 16, 17, 18, 19, 
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 
43, 44, 45, 46, 47, 48, 49, 50, 60, 70, 80, 90, 100, 1 10, 120, 130, 140, 150, 160, 170, 
180, 190, 200, 300, 400, 500, or more than 500 contiguous nucleotides, or any integer 
in between, that are 100% identical in sequence with a sequence in a target sequence, 
or a desired polynucleotide comprises a sequence that shares about 99%, 98%, 97%, 
96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 
82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 
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68%, 67% 66%, 65%, 64%, 63%, 62%, 61%, 60%, 59%, 58%, 57%, 56%, 55%, 
54%, 53%, 52%, 51%, 50%, 49%, 48%, 47%, 46%, 45%, 44%, 43%, 42%, 41%, 
40%, 39%, 38%, 37%, 36%, 35%, 34%, 33%, 32%, 31%, 30%, 29%, 8%, 27%, 26%, 
25%, 24%, 23%, 22%, 21%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 
1 1%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1% nucleotide sequence identity with 
a sequence of the target sequence. In other words the desired polynucleotide may be 
homologous to or share homology with the full-length sequence of a target sequence 
or a fragment thereof of a target sequence. 

[0021] Hence, the present invention provides an isolated nucleic acid 
molecule comprising a polynucleotide that shares homology with a target sequence 
and which, therefore, may hybridize under stringent or moderate hybridization 
conditions to a portion of a target sequence described herein. By a polynucleotide 
which hybridizes to a "portion" of a polynucleotide is intended a polynucleotide 
(either DNA or RNA) hybridizing to at least about 15 nucleotides, and more 
preferably at least about 20 nucleotides, and still more preferably at least about 30 
nucleotides, and even more preferably more than 30 nucleotides of the reference 
polynucleotide. For the purpose of the invention, two sequences that share homology, 
i.e., a desired polynucleotide and a target sequence, may hybridize when they form a 
double-stranded complex in a hybridization solution of 6X SSC, 0.5% SDS, 5X 
Denhardfs solution and 100 jug of non-specific carrier DNA. See Ausubel et al, section 
2.9, supplement 27 (1994). Such sequence may hybridize at "moderate stringency," 
which is defined as a temperature of 60°C in a hybridization solution of 6X SSC, 0.5% 
SDS, 5X Denhardfs solution and lOOjug of non-specific carrier DNA. For "high 
stringency" hybridization, the temperature is increased to 68 °C. Following the 
moderate stringency hybridization reaction, the nucleotides are washed in a solution of 
2X SSC plus 0.05% SDS for five times at room temperature, with subsequent washes 
with 0.1X SSC plus 0.1% SDS at 60 °C for lh. For high stringency, the wash 
temperature is increased to typically a temperature that is about 68°C. Hybridized 
nucleotides may be those that are detected using 1 ng of a radiolabeled probe having a 
specific radioactivity of 10,000 cpm/ng, where the hybridized nucleotides are clearly 
visible following exposure to X-ray film at -70 °C for no more than 72 hours. 
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[0022] In one embodiment, a construct of the present invention may 
comprise an expression cassette that produces a nucleic acid that reduces the 
expression level of a target gene that is normally expressed by a cell containing the 
construct, by 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 
87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 
73%>, 72%, 71%, 70%, 69%, 68%, 67%, 66%, 65%, 64%, 63%, 62%, 61%, 60%, 
59%, 58%, 57%, 56%, 55%, 54%, 53%, 52%, 51%, 50%, 49%, 48%, 47%, 46%, 
45%o, 44%, 43%, 42%, 41%, 40%, 39%, 38%, 37%, 36%, 35%, 34%, 33%, 32%, 
31%, 30%, 29%, 28%, 27%), 26%, 25%, 24%, 23%, 22%, 21%, 20%, 19%, 18%, 
17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 
1% in comparison to a cell that does not contain the construct. 

[0023] Any polynucleotide of the present invention, be it a "desired 
polynucleotide," a "first" polynucleotide, a "second" polynucleotide may share a 
certain percentage sequence identity with a target sequence. As explained herein, a 
target sequence may be, but is not limited to, a sequence, partial or full-length, of a 
gene, regulatory element, such as a promoter or terminator, exon, intron, an 
untranslated region, or any sequence upstream or downstream of a target genomic 
sequence. Accordingly, a polynucleotide of the present invention, may comprise a 
sequence that is identical over the length of that sequence to such a target sequence. 
On the other hand, the polynucleotide of the present invention, may comprise a 
sequence that shares sequence identity to such a target sequence. Hence, a desired 
polynucleotide of the present invention may share about 99%), 98%, 97%, 96%), 95%), 
94%, 93%, 92%, 91%, 90%, 89%o, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%), 
80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%, 67%, 
66%, 65%, 64%, 63%, 62%, 61%), or 60% nucleotide sequence identity with a 
sequence of the target sequence. 

[0024] In another embodiment, a desired polynucleotide comprises a 
sequence that is derived from a target promoter. The target promoter may either be 
naturally present in a cell genome, that is, the target promoter is endogenous to the 
cell genome, or may be introduced into that genome through transformation. The 
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derived promoter of the polynucleotide may be functionally active and contain a 
TATA box or TATA box-like sequence but neither the transcription start nor any 
transcribed sequences beyond the transcription start. Alternatively, the derived 
promoter of the polynucleotide may be functionally inactive by, for instance, the 
absence of a TATA box. Such a derived promoter may represent only part of the 
target promoter. 

[0025] In another embodiment, the desired polynucleotide comprises a 
sequence that is specific to an intron that is endogenous to a cell genome. 

[0026] In another embodiment, the desired polynucleotide comprises a 
sequence that is part of a terminator that is endogenous to a cell genome. 

[0027] In another embodiment, the construct comprises two identical 
promoters that are functionally active in a target tissue. In another embodiment, the 
construct comprises two different promoters, each of which is functionally active in a 
target tissue. 

[0028] A construct of the present invention may further comprise one or 
more additional polynucleotides between cassette A and cassette B. For instance, in 
the 5'- to 3 5 -orientation, a construct may comprise (i) a first promoter, (ii) a desired 
polynucleotide, (iii) an additional polynucleotide spacer, e.g., an intron, (iv) the 
inverse complement copy of the desired polynucleotide, and (v) a second promoter, 
where the first and second promoters are operably linked to the desired polynucleotide 
and the complementary copy, respectively, and are oriented to induce convergent 
transcription. 

[0029] The additional spacer polynucleotide may be of any length. That is, 
the spacer polynucleotide may be an intron that is 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 
37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 60, 70, 80, 90, 100, 110, 120, 
130, 140, 150, 160, 170, 180, 190, 200, 300, 400, 500, or more than 500 nucleotides, 
or any integer in between in length. If the spacer polynucleotide between two desired 
polynucleotides is long enough, transcription may never proceed from promoter to the 
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other. That is, for whatever reason, transcription may stop whilst the transcription 
machinery is located in the spacer that does not contain a functionally active 
terminator element. Accordingly, the resultant transcript may comprise the full-length 
sequence of a first desired polynucleotide and a partial sequence of the intron, but no 
part of the second desired polynucleotide. Thus, it may be possible to design a 
construct as described herein with a spacer polynucleotide that prevents transcription 
from proceeding from one desired polynucleotide to the other. In such a situation, 
and if one of the desired polynucleotides is oriented as the inverse complementary 
copy of the other, then the prevention of transcription read-through would, therefore, 
avoid the synthesis of an RNA transcript that is self-complementary. 

[0030] Accordingly, depending on any of (i) the convergent arrangement of 
promoters and desired polynucleotides, (ii) the copy number of the desired 
polynucleotides, (iii) the absence of a terminator region from the construct, and (iv) 
the complementarity and length of the resultant transcripts, various populations of 
RNA molecules may be produced from the present constructs. 

[0031] Hence, a single construct of the present invention may produce (i) a 
single stranded "sense" RNA transcript, (ii) a single-stranded "antisense" RNA 
transcript, (iii) a hairpin duplex formed by a single-stranded RNA transcript that 
anneals to itself, or (iv) an RNA duplex formed from two distinct RNA transcripts 
that anneal to each other. A single construct may be designed to produce only sense 
or only antisense RNA transcripts from each convergently-arranged promoter. 

[0032] The present invention also provides a method of reducing expression 
of a gene normally capable of being expressed in a plant cell, by stably incorporating 
any of the constructs described herein into the genome of a cell. 

[0033] In this regard, any type of cell from any species may be exposed to or 
stably- or transiently-transformed with a construct of the present invention. Hence, a 
bacterial cell, viral cell, fungal cell, algae cell, worm cell, plant cell, insect cell, reptile 
cell, bird cell, fish cell, or mammalian cell may be transformed with a construct of the 
present invention. The target sequence, therefore, may be located in the nucleus or a 
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genome of any on of such cell types. The target sequence, therefore, may be located 
in a gene in the cell genome. Hence, the target sequence may be located in at least 
one of a regulatory element of the gene, an exon of the gene, an intron of the gene, the 
5 '-untranslated region of the gene, or the 3 5 -"untranslated region of the gene. In one 
embodiment, the regulatory element of the gene is at least one of the promoter or an 
enhancer element of the gene. 

[0034] Alternatively, the target sequence may be located in an RNA 
transcript that is present in one of these cells and which may or may not be normally 
produced by the cell. That is, the RNA transcript that comprises the target sequence 
may be produced from a source that is foreign to the host cell. For instance, the RNA 
transcript that comprises the target sequence may be of viral origin but exists in a 
plant cell. 

[0035] The present invention also contemplates in vitro, ex vivo, ex planta 
and in vivo exposure and integration of the desired construct into a cell genome or 
isolated nucleic acid preparations. 

[0036] The constructs of the present invention, for example, may be inserted 
into Agrobacterium-derived transformation plasmids that contain requisite T-DNA 
border elements for transforming plant cells. Accordingly, a culture of plant cells 
may be transformed with such a transformation construct and, successfully 
transformed cells, grown into a desired transgenic plant that expresses the 
convergently operating promoter/polynucleotide cassettes. 

[0037] The promoters may be constitutive or inducible promoters or 
permutations thereof. "Strong" promoters, for instance, can be those isolated from 
viruses, such as rice tungro bacilliform virus, maize streak virus, cassava vein virus, 
mirabilis virus, peanut chlorotic streak caulimovirus, figwort mosaic virus and 
chlorella virus. Other promoters can be cloned from bacterial species such as the 
promoters of the nopaline synthase and octopine synthase gene. There are various 
inducible promoters, but typically an inducible promoter can be a temperature- 
sensitive promoter, a chemically-induced promoter, or a temporal promoter. 
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Specifically, an inducible promoter can be a Ha hspl7/7 G4 promoter, a wheat 
wcsl20 promoter, a Rab 16 A gene promoter, an a-amylase gene promoter, a pin2 
gene promoter, or a carboxylase promoter. 

[0038] Another aspect of the present invention is a construct, comprising an 
expression cassette which comprises (i) a first promoter operably linked to a first 
polynucleotide and (ii) a second promoter operably linked to a second polynucleotide, 
wherein (a) neither the first nor the second polynucleotide is operably linked to a 
terminator, (b) at least part of the second polynucleotide is substantially identical in 
nucleotide sequence to at least part of the sequence of the first polynucleotide but is 
positioned within the cassette in a different orientation to the first polynucleotide, and 
(c) the direction of transcription initiated from the first promoter is toward the second 
promoter and the direction of transcription initiated from the second promoter is 
toward the first promoter. 

[0039] In one embodiment, at least part of the second polynucleotide is 
oriented as an inverse complement copy of at least part of the first polynucleotide. 

[0040] In another embodiment , the sequence that terminates transcription, to 
which neither polynucleotide is operably linked, is a sequence at the 3 '-end of a gene 
that is involved in 3 '-end formation and polyadenylation of the transcript of that gene. 

[0041] In a preferred embodiment, the sequence that is involved in 3-end 
formation and polyadenylation is a terminator. 

[0042] In another embodiment , the expression cassette does not comprise (i) 
a nos gene terminator, (ii) the 3' untranslated sequence of T-DNA gene 7, (iii) the 3' 
untranslated sequences of the major inclusion body protein gene of cauliflower 
mosaic virus, (iv) the 3' untranslated sequences of the pea ribulose 1,5-bisphosphate 
carboxylase small subunit, (v) the 3' untranslated sequences of the potato ubiquitin-3 
gene, or (vi) the 3' untranslated sequences of the potato proteinase inhibitor II gene, 
(vii) the 3' untranslated sequences of opine genes, (viii) the 3' untranslated sequences 
of endogenous genes. 
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[0043] In one embodiment , the first polynucleotide comprises a sequence 
that shares sequence identity with a target gene or at least one of a regulatory element 
that is associated with the target gene, an exon of the target gene, an intron of the 
target gene, the 5 '-untranslated region of the target gene, or the 3 '-untranslated region 
of the target gene. 

[0044] In another embodiment , the first polynucleotide comprises a 
sequence that shares about 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 
89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 
75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%, 67%, 66%, 65%, 64%, 63%, 62%, 
61%, 60%, 59%, 58%, 57%, 56%, 55%, 54%, 53%, 52%, 51%, 50%, 49%, 48%, 
47%, 46%, 45%, 44%, 43%, 42%, 41%, 40%, 39%, 38%, 37%, 36%, 35%, 34%, 
33%, 32%, 31%, 30%, 29%, 8%, 27%, 26%, 25%, 24%, 23%, 22%, 21%, 20%, 19%, 
18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 
2%o, 1% nucleotide sequence identity with a sequence of the target sequence. 

[0045] In one embodiment, the target gene is a COMT gene involved in 
lignin biosynthesis, a CCOMT gene involved in lignin biosynthesis, any other gene 
involved in lignin biosynthesis, an Rl gene involved in starch phosphorylation, a 
phosphorylase gene involved in starch phosphorylation, a PPO gene involved in 
oxidation of polyphenols, a polygalacturonase gene involved in pectin degradation, a 
gene involved in the production of allergens, a gene involved in fatty acid 
biosynthesis such as FAD2. 

[0046] In another embodiment (a) the regulatory element of the target gene 
is the promoter or an enhancer element associated with the target gene or (b) the first 
polynucleotide comprises a sequence that shares sequence identity with an intron of a 
target gene, wherein the intron comprises the sequence of SEQ ID NO: 44. 

[0047] In a particular embodiment, the target gene is located in the genome 
of a cell. Hence, the cell may be a cell from a bacteria, virus, fungus, yeast, plant, 
reptile, bird, fish, or mammal. 
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[0048] In one embodiment , the target sequence is located in a DNA 
sequence that encodes an RNA transcript. 

[0049] In another embodiment , the first and second promoters are functional 
in a plant. 

[0050] In a preferred embodiment, the expression cassette is located between 
transfer-DNA border sequences of a plasmid that is suitable for bacterium-mediated 
plant transformation. 

[0051] In yet another embodiment , the bacterium is Agrobacterium, 
Rhizobium, or Phyllobacterium. In one embodiment, the bacterium is Agrobacterium 
tumefaciens, Rhizobium trifolii, Rhizobium leguminosanim, Phyllobacterium 
myrsinacearum, SinoRhizobium meliloti, and MesoRhizobium loti. 

[0052] In one embodiment, the construct further comprises a spacer 
polynucleotide positioned between the first and second polynucleotides. The spacer 
polynucleotide may be 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 
44, 45 ? 46, 47, 48, 49, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 
190, 200, 300, 400, 500, or more than 500 nucleotides long. 

[0053] In another embodiment , the first promoter is a near-constitutive 
promoter, a tissue-specific promoter, or an inducible promoter and wherein the second 
promoter is a near-constitutive promoter, a tissue-specific promoter, or an inducible 
promoter. 

[0054] In a particular embodiment, the constitutive strong promoter is 
selected from the group consisting of a potato ubiquitin-7 promoter, a potato 
ubiquitin-3 promoter, a tomato ubiquitin promoter, an alfalfa petE promoter, an alfalfa 
Pal promoter, a canola napin promoter, a maize ubiquitin promoter, a rice ubiquitin 
promoter, a sugarcane ubiquitin promoter, a rice actin promoter, a rubisco small 
subunit promoter, and a rubisco activase promoter. 
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[0055] In one embodiment , the tissue-specific promoter is a granule-bound 
starch synthase promoter or an ADP glucose pyrophosphorylase gene promoter. 

[0056] In one embodiment , the inducible promoter is a temperature-sensitive 
promoter, a chemically-induced promoter, or a temporal promoter. 

[0057] In one embodiment , the inducible promoter is selected from the 
group consisting of an Ha hspl7.7 G4 promoter, a wheat wcsl20 promoter, a Rab 
16 A gene promoter, an a-amylase gene promoter, a pin2 gene promoter, and a 
carboxylase promoter. 

[0058] Another aspect of the present invention is a transformation plasmid, 
comprising an expression cassette, which comprises in the 5' to 3' orientation (1) a 
first promoter that is operably linked to (2) a first desired polynucleotide, which abuts 
(3) at least one optional spacer polynucleotide, where the 3 '-end of one of the spacer 
polynucleotides abuts a (4) a second desired polynucleotide, which is operably linked 
to (5) a second promoter, wherein neither desired polynucleotide in the expression 
cassette is operably linked to any known transcription terminator. 

[0059] In one embodiment, at least part of the first desired polynucleotide is 
in the antisense orientation and wherein at least part of the second desired 
polynucleotide is oriented as the inverse complement of the first desired 
polynucleotide. 

[0060] In another embodiment , at least part of the first desired 
polynucleotide is in the sense orientation and wherein at least part of the second 
desired polynucleotide is oriented as the inverse complement of the first desired 
polynucleotide. 

[0061] In another embodiment , at least part of the first desired 
polynucleotide is a promoter sequence. 

[0062] In a further embodiment, the promoter sequence is from a promoter 
selected from the group consisting of (1) a starch-associated Rl gene promoter, (2) a 
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polyphenol oxidase gene promoter, (3) a fatty acid desaturase 12 gene promoter, (4) a 
microsomal omega-6 fatty acid desaturase gene promoter, (5) a cotton stearoyl-acyl- 
carrier protein delta 9-desaturase gene promoter, (6) an oleoyl-phosphatidylcholine 
omega 6-desaturase gene promoter, (7) a Medicago truncatula caffeic acid/5- 
hydroxyferulic acid 3/5-O-methyltransferase (COMT) gene promoter, (8) a Medicago 
sativa (alfalfa) caffeic acid/5-hydroxyferulic acid 3/5-O-methyltransferase (COMT) 
gene promoter, (9) a Medicago truncatula caffeoyl CoA 3-O-methyltransferase 
(CCOMT) gene promoter, (10) a Medicago sativa (alfalfa) caffeoyl CoA 3-O- 
methyltransferase (CCOMT) gene promoter, (11) a major apple allergen Mai d 1 gene 
promoter, (12) a major peanut allergen Ara h 2 gene promoter, (13) a major soybean 
allergen Gly m Bd 30 K gene promoter, and (14) a polygalacturonase gene promoter. 

[0063] In one embodiment , (i) at least one of the first and second promoters 
is a GBSS promoter, and (ii) the first desired polynucleotide is a sequence from a 
polyphenol oxidase gene. 

[0064] In another embodiment , the first and second promoters are GBSS 
promoters. 

[0065] In one embodiment , both the first promoter is a GBSS promoter and 
the second promoter is an AGP promoter. 

[0066] Another aspect of the present invention is a method of reducing 
expression of a gene normally capable of being expressed in a plant cell, comprising 
exposing a plant cell to any construct described herein, wherein the construct is 
maintained in a bacterium strain, wherein the desired polynucleotide comprises a 
sequence that shares sequence identity to a target sequence in the plant cell genome. 

[0067] In one embodiment , the bacterium strain is Agrobacterlum 
tumefaciens, Rhizobium trifoliU Rhizobium leguminosarum, Phyllobacterium 
myrsinacearum, SinoRhizobium melilotU and MesoRhizobium loti. 

[0068] Another aspect of the present invention is a construct, comprising an 
expression cassette which comprises in the 5 5 to 3' orientation (i) a first promoter, (ii) 
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a first polynucleotide that comprises a sequence that shares sequence identity with at 
least a part of a promoter sequence of a target gene, (iii) a second polynucleotide 
comprising a sequence that shares sequence identity with the inverse complement of 
at least part of the promoter of the target gene, and (iv) a second promoter, wherein 
the first promoter is operably linked to the 5 '-end of the first polynucleotide and the 
second promoter is operably linked to the 3 '-end of the second polynucleotide. 

[0069] Another aspect of the present invention is a construct, comprising an 
expression cassette which comprises in the 5' to 3' orientation (i) a first promoter, (ii) 
a first polynucleotide that comprises a sequence that shares sequence identity with at 
least a part of a promoter sequence of a target gene, (iii) a second polynucleotide 
comprising a sequence that shares sequence identity with the inverse complement of 
at least part of the promoter of the target gene, (iv) a terminator, wherein the first 
promoter is operably linked to the 5 '-end of the first polynucleotide and the second 
polynucleotide is operably linked to the terminator. 

[0070] Another aspect of the present invention is a plant transformation 
plasmid, comprising the sequence depicted in SEQ ID NO: 40 or 42. 

[0071] Another aspect of the present invention is a method for reducing 
cold-induced sweetening in a tuber, comprising expressing any construct described 
herein in a cell of a tuber, wherein (a) the first polynucleotide comprises the sequence 
of part of an Rl gene, (b) the second polynucleotide is the inverse complement of the 
first polynucleotide compared to the first polynucleotide, (c) one or both of the first 
and second promoters are GBSS or AGP, and (d) expression of the construct in the 
cell reduces transcription and/or translation of an Rl gene in the tuber cell genome, 
thereby reducing cold-induced sweetening in the tuber. In one embodiment , the first 
polynucleotide comprises the sequence depicted in SEQ ID NO: 23 or 24. In another 
embodiment , the tuber is a potato. In another embodiment, the first polynucleotide 
comprises two copies of the sequence of SEQ ID NO: 23 or 24. 

[0072] Another aspect of the present invention is a method for enhancing 
tolerance to black spot bruising in a tuber, comprising expressing any construct 
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described herein in a cell of a tuber, wherein (a) the first polynucleotide comprises the 
sequence of part of a polyphenol oxidase gene, (b) the second polynucleotide is the 
inverse complement of the first polynucleotide, (c) one or both of the first and second 
promoters are GBSS or AGP, and (d) expression of the construct in the cell reduces 
transcription and/or translation of a polyphenol oxidase gene in the tuber cell genome, 
thereby enhancing the tolerance of the tuber to black spot bruising. In one 
embodiment, the first polynucleotide comprises the sequence of SEQ ID NO: 26 or 
27. In another embodiment, the tuber is a potato. In another embodiment, the first 
polynucleotide comprises two copies of the sequence of SEQ ID NO: 26 or 27. 

[0073] Another aspect of the present invention is a method for increasing 
oleic acid levels in an oil-bearing plant, comprising expressing any construct 
described herein in a cell of a seed of an oil-bearing plant, wherein (a) the first 
polynucleotide comprises the sequence of part of a Fad2 gene, (b) the second 
polynucleotide is the inverse complement of the first polynucleotide, (c) one or both 
of the first and second promoters are napin gene, Fad2 gene, or stearoyl-ACP 
desaturase gene promoters, and (d) expression of the construct in the cell reduces 
transcription and/or translation of a Fad2 gene in the cell of the seed of the oil-bearing 
plant, thereby increasing the oil content of the seed. In one embodiment , the first 
polynucleotide comprises the sequence depicted in SEQ ID NO: 28. In another 
embodiment , the sequence of the napin gene promoter comprises the sequence 
depicted in SEQ ID NO: 30. 

[0074] In one embodiment , the sequence of the stearoyl-ACP desaturase 
gene promoter comprises the sequence depicted in SEQ ID NO: 31 . 

[0075] In another embodiment , the sequence of the Fad2 gene promoter 
comprises the sequence depicted in SEQ ID NO: 32. 

[0076] In one embodiment , the oil-bearing plant is a Brassica plant, canola 
plant, soybean plant, cotton plant, or a sunflower plant. 

[0077] Another aspect of the present invention is a method for reducing 
lignin content in a plant, comprising expressing any construct described herein in a 
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cell of the plant, wherein (a) the first polynucleotide comprises the sequence of part of 
a caffeic acid/5-hydroxyferulic acid 3/5-O-methyltransferase (COMT) gene, (b) the 
second polynucleotide is the inverse complement of the first polynucleotide, (c) one 
or both of the first and second promoters are petE or Pal gene promoters, and 
(d) expression of the construct in the cell reduces transcription and/or translation of a 
COMT gene in the cell of the plant, thereby reducing lignin content in a plant. In one 
embodiment, the cell is in the vascular system of the plant. In a preferred 
embodiment, the plant is an alfalfa plant. In another embodiment , the first 
polynucleotide comprises the sequence depicted in SEQ ID NO: 33 or 37. 

[0078] Another aspect of the present invention is a method for reducing the 
degradation of pectin in a fruit of a plant, comprising expressing any construct 
described herein in a fruit cell of the plant, wherein (a) the first polynucleotide 
comprises the sequence of part of polygalacturonase gene, (b) the second 
polynucleotide is the inverse complement of the first polynucleotide, (c) both of the 
first and second promoters are fruit-specific promoters, and (d) expression of the 
construct in the fruit cell reduces transcription and/or translation of a 
polygalacturonase gene in the cell of the plant, thereby reducing the degradation of 
pectin in the fruit. In one embodiment, the first polynucleotide comprises the 
sequence depicted in SEQ ID NO: 39. 

[0079] Another aspect of the present invention is a method for reducing the 
allergenicity of a food produced by a plant, comprising expressing any construct 
described herein in a cell of a plant, wherein (a) the first polynucleotide comprises the 
sequence of part of a gene that encodes an allergen, (b) the second polynucleotide is 
the inverse complement of the first polynucleotide, and (c) the expression of the 
construct reduces transcription and/or translation of the allergen, thereby reducing the 
allergenicity of a food produced by the plant. 

[0080] In one embodiment, (a) the plant is an apple plant, (b) the food is an 
apple, (c) the first polynucleotide comprises a sequence from the Mai d I gene 
promoter, and (d) expression of the construct in the apple plant reduces transcription 
and/or translation of Mai d I in the apple. 



19 



WO 2006/036739 



PCT/US2005/033992 



[0081] In another embodiment , (a) the plant is a peanut plant, (b) the food is 
a peanut, (c) the first polynucleotide comprises a sequence from the Ara h 2 gene 
promoter, and (d) expression of the construct in the peanut plant reduces transcription 
and/or translation of Ara h 2 in the peanut. 

[0082] In another embodiment , (a) the plant is a soybean plant, (b) the food 
is a soybean, (c) the first polynucleotide comprises a sequence from the Gly m Bd 
gene promoter, and (d) expression of the construct in the soybean plant reduces 
transcription and/or translation of Gly m Bd in the soybean. 

[0083] Another aspect of the present invention is a method for 
downregulating the expression of multiple genes in a plant, comprising expressing in 
a cell of a plant a construct comprising the sequence depicted in SEQ ID NO: 40, 
which downregulates expression of polyphenol oxidase, phosphorylase L gene, and 
the Rl gene in the plant cell. 

[0084] Another aspect of the present invention is a method for 
downregulating the expression of multiple genes in a plant, comprising expressing in 
a cell of a plant a construct comprising the sequence depicted in SEQ ID NO: 42, 
which downregulates expression of polyphenol oxidase, phosphorylase L gene, and 
the Rl gene in the plant cell. 

[0085] Another aspect of the present invention is a construct, comprising a 
desired promoter that is operably linked to (i) a first promoter at its 5 '-end and (ii) a 
second promoter at its 3 5 -end, wherein the desired promoter shares sequence identity 
with a target promoter in a genome of interest. 

[0086] Another aspect of the present invention is a construct, comprising a 
two convergently-oriented copies of a desired promoter that are separated by a 
polynucleotide, wherein the desired promoter shares sequence identity with a target 
promoter in a desired genome of interest. In one embodiment , the polynucleotide that 
separates the convergently-oriented promoters is an intron. 
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[0087] Another aspect of the present invention is a construct, comprising 
two desired promoters that are operably linked to a promoter and a terminator, 
wherein the desired promoters share sequence identity with a target promoter in a 
genome of interest. In one embodiment, the two desired promoters share, over at least 
a part of their respective lengths, sequence identity with each other and where one of 
the desired promoters is oriented as the inverse complement of the other. 

[0088] In another aspect is a construct, comprising two desired promoters 
that are operably linked to a promoter and a terminator, wherein the desired promoters 
share sequence identity with a target promoter in a genome of interest. In one 
embodiment , the two desired promoters share, over at least a part of their respective 
lengths, sequence identity with each other and where one of the desired promoters is 
oriented as the inverse complement of the other. 

[0089] In another aspect a construct is provided that comprises four direct 
repeats of a polynucleotide of interest, which are preceded by an antisense DNA 
fragment of the polynucleotide of interest. Such a construct is depicted by pSIMl 111. 

[0090] The present invention also provides a method for reducing the 
expression level of an endogenous gene in an alfalfa plant, comprising introducing a 
cassette into an alfalfa cell, wherein the cassette comprises two alfalfa-specific 
promoters arranged in a convergent orientation to each other, wherein the activity of 
the promoters in the cassette reduces the expression level of an endogenous alfalfa 
gene, which is operably linked in the alfalfa genome to a promoter that has a sequence 
that shares sequence identity with at least a part of one of the promoters in the 
cassette. In one embodiment , the sequence of at least one of the promoters is depicted 
in SEQ ID NO: 54 or SEQ ID NO: 55. 

[0091] The present invention also provides a method for reducing the 
expression of a Comt gene, comprising expressing a Comt gene fragment or Comt 
promoter fragment in a cell that comprises a Comt gene in its genome. 

[0092] The present invention also provides a method for reducing the 
expression of a Comt gene or Ccomt gene, comprising expressing the construct of any 
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construct described herein in a cell that comprises a Comt gene or a Ccomt gene in its 
genome, wherein the first polynucleotide comprises a sequence of a Comt gene or 
Comt gene promoter or a Ccomt gene or Ccomt gene promoter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0093] Figure 1 depicts schematic diagrams for T-DNAs of binary vectors 
that (a) represent a negative control (pSIM714), and (b) comprise constructs that 
represent conventional silencing constructs, pSIM374, pSIM718, and pSIM755. "B" 
denotes a transfer-DNA border sequence; "T" denotes a terminator sequence; "hptll" 
is a resistance gene that confers hygromycin resistance to a plant; "PI" denotes a 
promoter sequence and, in this example, is a promoter that is identical to the 
promoter driving a functionally active bete-glucuronidase (gus) gene in the transgenic 
gus plant; "P2" denotes a promoter sequence that is also functionally active but 
different from PI; "gus-S" denotes a gus gene fragment; "gus-A" denotes an inverse 
complement of the gus gene fragment; "I" denotes an intron. With respect to gus-S 
and gus-A, the solid thick arrows signify (part of the) RNA transcripts that share 
identity with a part of the transcript produced by expressing the gus gene; the dotted 
thick arrows signify (part of the) RNA transcripts that share identity with a part of the 
inverse complement of the gus gene transcript; the thin lines signify parts of the 
transcript with homology or inverse complementarity to another sequence such as the 
intron of the construct. In this respect, the leftward pointing open arrow (which 
denotes the "gus-A" element in the cassette) indicates that the gus-A element is 
oriented in the expression cassette as the inverse complement of the gus-S, the 
rightward pointing arrow. Hence, PI and P2 promoters are oriented so that 
transcription from each proceeds in a convergent manner, i.e., transcription of PI 
proceeds toward P2 and vice versa. 

[0094] Figure 2 depicts schematic diagrams for T-DNAs of binary vectors 
comprising constructs that resemble conventional silencing constructs except that they 
lack a terminator, pSIM728, pSIM140, and pSIM758. With respect to gus-S and gus- 
A, the solid thick arrows signify the part of the RNA transcripts that share identity 
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with a part of the transcript produced by expressing the gus gene; the dotted thick 
arrows signify parts of the RNA transcripts that share identity with a part of the 
inverse complement of the gus gene transcript; the thin lines signify parts of the 
transcript with homology or inverse complementarity to another sequence such as the 
intron of the construct. 

[0095] Figure 3 depicts schematic diagrams for T-DNAs comprising 
'terminator-free colliding transcription" (TFCT) constructs. Specifically, it illustrates 
the T-DNAs of pSIM715, pSIM717, pSIM756, and pSIM771. The key to the 
identified elements and solid and dotted arrows is the same as those explained in the 
legend of Figure 1 . In pSIM717, read-through of transcription originated from both 
PI and P2 over the intron produces transcripts that contain 5 '-sequences identical to 
part of the gus gene transcript and 3 '-sequences that are inverse complementary to the 
gus gene transcript. These transcripts may fold to produce partially double-stranded 
RNA. Depending on the ability of the PI transcription complex to proceed 
unencumbered, an RNA transcript, initiated from the PI promoter, could conceivably 
transcribe sequences downstream of the gus-S sequence to which it is operably linked. 
Accordingly, when reading the "top," i.e., sense strand of pSIM717, in a 5'- to 3'- 
direction, a transcript from PI may comprise the sequence of the intervening intron 
("I"), as well as the sequence of the inverse complement gus-S element. The "top" 
strand sequence of the inverse complement gus-S element is the antisense of gus-S. 

[0096] Figure 4 depicts schematic diagrams for T-DNAs comprising 
"terminator-free colliding transcription" (TFCT) constructs. Specifically, it illustrates 
the T-DNAs of pSIM754, pSIM773, and pSIM767. The key to the identified 
elements and solid and dotted arrows is the same as those explained in the legend of 
Figure 1, Pin indicates the part of the PI promoter that is upstream from the TATA 
box. This sequence is not functional as promoter. 

[0097] Figure 5 depicts schematic diagrams for T-DNAs comprising 
"terminator-free colliding transcription" (TFCT) constructs. Specifically, it illustrates 
the T-DNAs of pSIM782. The key to the identified elements and solid and dotted 
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arrows is the same as those explained in the legend of Figure 1. gusl indicates the 
intronm of the gus gene. 

[0098] Figure 6 depicts schematic diagrams for T-DNAs comprising 
"terminator-free colliding transcription" (TFCT) constructs. Specifically, it illustrates 
the T-DNAs of pSIM765, pSIM922F ? pSIM922G, pSIM774, and pSIM775. The key 
to the identified elements and solid and dotted arrows is the same as those explained 
in the legend of Figure 1. PPO indicates a fragment of the tobacco PPO gene. 

[0099] Figure 7 shows ethidium bromide-stained agarose gels containing the 
products of RT-PCRs. + = positive plasmid control; - = negative control; M = marker; 
Tl = transcript from PI promoter; T2 = transcript from P2 promoter. 

[0100] Figure 8 shows autoradiograms of RNA gel blots. The probe used 
for hybridization was derived from the gus gene. 

[0101] Figure 9 shows a sequence analysis of the various promoter 
fragments and identifies a 89-bp sequence that may be methylated during promoter- 
based silencing. 

[0102] Figure 10 depicts plasmid maps. G: gus gene fragment; H: 
expression cassette for hptll gene; LB: left border region; RB: right border region; T: 
terminator; PI: PI promoter; Pin: non-functional PI promoter lacking a TATA box; 
P2: P2 promoter; P3: P3 promoter; GB: GBSS promoter; PP: PPO gene fragment; PT 
= fragment of tobacco PPO gene. Direction of transcription is indicated with a small 
black solid arrow. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0103] A construct of the present invention can be used to efficiently reduce 
or prevent the transcription or translation of a target nucleic acid by triggering 
convergent transcription of a desired polynucleotide. Hence one goal of the present 
invention is to provide constructs that produce nucleic acid molecules that prevent or 
reduce expression of a gene or of a gene product, such as an RNA transcript or 
protein. 

[0104] One particular characteristic of such a construct is that, in contrast to 
conventional silencing constructs, no functional terminator is inserted and operably 
linked to the 3 5 -end of a desired polynucleotide. It is well established that a 
terminator is a nucleotide sequence, typically located at the 3 '-end of a gene, that is 
involved in cleavage of the RNA transcript that is transcribed from the gene and in 
polyadenylation of that transcript. Typically, a terminator is located downstream of 
the gene's stop codon. 

[0105] Terminators that were used for the construction of conventional 
silencing cassettes, and which are excluded from constructs of the present invention, 
were derived from such 3 '-regions of certain genes and often also included even more 
downstream non-transcribed DNA sequences. The choice of which terminator to use 
has more often than not, simply been a matter of convenience. Hence, opine 
terminators or termination regions from endogenous and previously characterized 
genes have been used in conventional silencing constructs. One of the more 
frequently used terminators, for instance, is the Agrobacterium nopaline synthase 
(nos) gene terminator, which comprises both 3' untranslated sequences and some 
additional downstream DNA. Other terminators include: 

[0106] The 3' untranslated sequences of T-DNA gene 7 (Genbank accession 
V00090). 

[0107] The 3' untranslated sequences of the major inclusion body protein 
gene of cauliflower mosaic virus. 
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[0108] The 3 5 untranslated sequences of the pea ribulose 1,5-bisphosphate 
carboxylase small subunit (Genbank accession M21375). 

[0109] The 3 5 untranslated sequences of the potato ubiquitin-3 gene 
(Genbank accession Z11669). 

[0110] The 3' untranslated sequences of the potato proteinase inhibitor II 
gene (Genbank accession CQ889094). 

[0111] The 3' untranslated sequences of opine genes. 

[0112] The 3' untranslated sequences of endogenous genes; that is genes that 
are normally expressed by the genome of an organism. 

[0113] With respect to the present invention, however, none of such 
terminators, indeed, no functional terminator, is directly operably linked to a desired 
polynucleotide of the present construct. Nor is a desired polynucleotide directly 
operably linked to a terminator that is preceded by a self-splicing ribozyme-encoding 
sequence. 

[0114] Another characteristic of the construct of the present invention is that 
it promotes convergent transcription of one or more copies of polynucleotide that is or 
are not directly operably linked to a terminator, via two opposing promoters. Due to 
the absence of a termination signal, the length of the pool of RNA molecules that is 
transcribed from the first and second promoters may be of various lengths. 

[0115] Occasionally, for instance, the transcriptional machinery may 
continue to transcribe past the last nucleotide that signifies the "end" of the desired 
polynucleotide sequence. Accordingly, in this particular arrangement, transcription 
termination may occur either through the weak and unintended action of downstream 
sequences that, for instance, promote hairpin formation or through the action of 
unintended transcriptional terminators located in plant DNA flanking the transfer 
DNA integration site. 
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[0116] A terminator-free colliding transcription (TFCT) construct of the 
present invention, therefore, may comprise a first promoter operably linked to a first 
polynucleotide and a second promoter operably linked to a second polynucleotide, 
whereby (1) the first and second polynucleotides share at least some sequence identity 
with each other and a target sequence, and (2) the first promoter is oriented such that 
the direction of transcription initiated by this promoter proceeds towards the second 
promoter, and vice versa, (3) the construct produces RNA molecules that are 
generally different in size, some transcripts representing the RNA counterparts of at 
least part of the polynucleotide and others comprising the counterparts of at least 
some of both the polynucleotide and its inverse complement. 

[0117] The desired polynucleotide may be linked in two different 
orientations to the promoter. In one orientation, e.g., "sense", at least the 5'-part of 
the resultant RNA transcript will share sequence identity with at least part of at least 
one target transcript. An example of this arrangement is shown in Figure 3 as 
pSIM717. In the other orientation designated as "antisense", at least the 5 5 -part of the 
predicted transcript will be identical or homologous to at least part of the inverse 
complement of at least one target transcript. An example of the latter arrangement is 
shown in Figure 3 as pSIM756. 

[0118] As used herein, "sequence identity" or "identity" in the context of 
two nucleic acid or polypeptide sequences includes reference to the residues in the 
two sequences which are the same when aligned for maximum correspondence over a 
specified region. When percentage of sequence identity is used in reference to 
proteins it is recognized that residue positions which are not identical often differ by 
conservative amino acid substitutions, where amino acid residues are substituted for 
other amino acid residues with similar chemical properties (e.g. charge or 
hydrophobicity) and therefore do not change the functional properties of the molecule. 
Where sequences differ in conservative substitutions, the percent sequence identity 
may be adjusted upwards to correct for the conservative nature of the substitution. 
Sequences which differ by such conservative substitutions are said to have "sequence 
similarity" or "similarity". Means for making this adjustment are well-known to 
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those of skill in the art. Typically this involves scoring a conservative substitution as 
a partial rather than a full mismatch, thereby increasing the percentage sequence 
identity. Thus, for example, where an identical amino acid is given a score of 1 and a 
non-conservative substitution is given a score of zero, a conservative substitution is 
given a score between zero and 1 . The scoring of conservative substitutions is 
calculated, e.g., according to the algorithm of Meyers and Miller, Computer Applic. 
Biol. Sci., 4: 1 1-17 (1988) e.g., as implemented in the program PC/GENE 
(Intelligenetics, Mountain View, California, USA). 

[0119] As used herein, "percentage of sequence identity" means the value 
determined by comparing two optimally aligned sequences over a comparison 
window, wherein the portion of the polynucleotide sequence in the comparison 
window may comprise additions or deletions (i.e., gaps) as compared to the reference 
sequence (which does not comprise additions or deletions) for optimal alignment of 
the two sequences. The percentage is calculated by determining the number of 
positions at which the identical nucleic acid base or amino acid residue occurs in both 
sequences to yield the number of matched positions, dividing the number of matched 
positions by the total number of positions in the window of comparison and 
multiplying the result by 100 to yield the percentage of sequence identity. 

[0120] Methods of alignment of sequences for comparison are well-known 
in the art. Optimal alignment of sequences for comparison may be conducted by the 
local homology algorithm of Smith and Waterman, Adv. Appl. Math. 2: 482 (1981); 
by the homology alignment algorithm of Needleman and Wunsch, J. Mol Biol. 48: 
443 (1970); by the search for similarity method of Pearson and Lipman, Proc. Natl 
Acad. Set 85: 2444 (1988); by computerized implementations of these algorithms, 
including, but not limited to: CLUSTAL in the PC/Gene program by Intelligenetics, 
Mountain View, California; GAP, BESTFIT, BLAST, FASTA, and TFASTA in the 
Wisconsin Genetics Software Package, Genetics Computer Group (GCG), 575 
Science Dr., Madison, Wisconsin, USA; the CLUSTAL program is well described by 
Higgins and Sharp, Gene 73: 237-244 (1988); Higgins and Sharp, CABIOS 5: 
151-153 (1989); Corpet, et al, Nucleic Acids Research 16: 10881-90 (1988); Huang, 
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et al, Computer Applications in the Biosciences 8: 155-65 (1992), and Pearson, et 
al, Methods in Molecular Biology 24: 307-331 (1994). 

[0121] The BLAST family of programs which can be used for database 
similarity searches includes: BLASTN for nucleotide query sequences against 
nucleotide database sequences; BLASTX for nucleotide query sequences against 
protein database sequences; BLASTP for protein query sequences against protein 
database sequences; TBLASTN for protein query sequences against nucleotide 
database sequences; and TBLASTX for nucleotide query sequences against 
nucleotide database sequences. See, Current Protocols in Molecular Biology, 
Chapter 19, Ausubel, et al, Eds., Greene Publishing and Wiley-Interscience, New 
York (1995); Altschul et al, J. Mol Biol, 215:403-410 (1990); and, Altschul et al 9 
Nucleic Acids Res. 25:3389-3402 (1997). 

[0122] Software for performing BLAST analyses is publicly available, e.g., 
through the National Center for Biotechnology Information 

(http://www.ncbi.nlm.nih.gov/). This algorithm involves first identifying high scoring 
sequence pairs (HSPs) by identifying short words of length W in the query sequence, 
which either match or satisfy some positive-valued threshold score T when aligned 
with a word of the same length in a database sequence. T is referred to as the 
neighborhood word score threshold. These initial neighborhood word hits act as 
seeds for initiating searches to find longer HSPs containing them. The word hits are 
then extended in both directions along each sequence for as far as the cumulative 
alignment score can be increased. Cumulative scores are calculated using, for 
nucleotide sequences, the parameters M (reward score for a pair of matching residues; 
always > 0) and N (penalty score for mismatching residues; always < 0). For amino 
acid sequences, a scoring matrix is used to calculate the cumulative score. Extension 
of the word hits in each direction are halted when: the cumulative alignment score 
falls off by the quantity X from its maximum achieved value; the cumulative score 
goes to zero or below, due to the accumulation of one or more negative-scoring 
residue alignments; or the end of either sequence is reached. The BLAST algorithm 
parameters W, T, and X determine the sensitivity and speed of the alignment. The 
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BLASTN program (for nucleotide sequences) uses as defaults a wordlength (W) of 
1 1, an expectation (E) of 10, a cutoff of 100, M=5, N=-4, and a comparison of both 
strands. For amino acid sequences, the BLASTP program uses as defaults a 
wordlength (W) of 3, an expectation (E) of 10, and the BLOSUM62 scoring matrix 
(see Henikoff & Henikoff (1989) Proc. Natl. Acad Set USA 89:10915). 

[0123] In addition to calculating percent sequence identity, the BLAST 
algorithm also performs a statistical analysis of the similarity between two sequences 
(see, e.g., Karlin & Altschul, Proc. Natl Acad. Set USA 90:5873-5877 (1993)). One 
measure of similarity provided by the BLAST algorithm is the smallest sum 
probability (P(N)), which provides an indication of the probability by which a match 
between two nucleotide or amino acid sequences would occur by chance. 

[0124] BLAST searches assume that proteins can be modeled as random 
sequences. However, many real proteins comprise regions of nonrandom sequences 
which may be homopolymeric tracts, short-period repeats, or regions enriched in one 
or more amino acids. Such low-complexity regions may be aligned between 
unrelated proteins even though other regions of the protein are entirely dissimilar. A 
number of low-complexity filter programs can be employed to reduce such low- 
complexity alignments. For example, the SEG (Wooten and Federhen, Comput. 
Chem., 17:149-163 (1993)) and XNU (Claverie and States, Comput Chem., 17:191- 
201 (1993)) low-complexity filters can be employed alone or in combination. 

[0125] Multiple alignment of the sequences can be performed using the 
CLUSTAL method of alignment (Higgins and Sharp (1989) CABIOS 5:151-153) 
with the default parameters (GAP PENALTY=10, GAP LENGTH PENALTY=10). 
Default parameters for pairwise alignments using the CLUSTAL method are 
KTUPLE 1, GAP PENALTY=3, WINDOW=5 and DIAGONALS SAVED=5. 

[0126] Any or all of the elements and DNA sequences that are described 
herein may be endogenous to one or more plant genomes. Accordingly, in one 
particular embodiment of the present invention, all of the elements and DNA 
sequences, which are selected for the ultimate transfer cassette are endogenous to, or 
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native to, the genome of the plant that is to be transformed. For instance, all of the 
sequences may come from a potato genome. Alternatively, one or more of the 
elements or DNA sequences may be endogenous to a plant genome that is not the 
same as the species of the plant to be transformed, but which function in any event in 
the host plant cell. Such plants include potato, tomato, and alfalfa plants. The present 
invention also encompasses use of one or more genetic elements from a plant that is 
interfertile with the plant that is to be transformed. 

[0127] Public concerns were addressed through development of an all-native 
approach to making genetically engineered plants, as disclosed by Rommens et ah in 
WO2003/069980, US-2003-0221213, US-2004-0107455, and WO2005/004585, 
which are all incorporated herein by reference. Rommens et ah teach the 
identification and isolation of genetic elements from plants that can be used for 
bacterium-mediated plant transformation. Thus, Rommens teaches that a plant- 
derived transfer-DNA ("P-DNA"), for instance, can be isolated from a plant genome 
and used in place of anAgrobacterium T-DNA to genetically engineer plants. 

[0128] In this regard, a "plant" of the present invention includes, but is not 
limited to angiosperms and gymnosperms such as potato, tomato, tobacco, avocado, 
alfalfa, lettuce, carrot, strawberry, sugarbeet, cassava, sweet potato, soybean, pea, 
bean, cucumber, grape, brassica, maize, turf grass, wheat, rice, barley, sorghum, oat, 
oak, eucalyptus, walnut, and palm. Thus, a plant may be a monocot or a dicot. 
"Plant" and "plant material," also encompasses plant cells, seed, plant progeny, 
propagule whether generated sexually or asexually, and descendents of any of these, 
such as cuttings or seed.. "Plant material" may refer to plant cells, cell suspension 
cultures, callus, embryos, meristematic regions, callus tissue, leaves, roots, shoots, 
gametophytes, sporophytes, pollen, seeds, germinating seedlings, and microspores. 
Plants may be at various stages of maturity and may be grown in liquid or solid 
culture, or in soil or suitable media in pots, greenhouses or fields. Expression of an 
introduced leader, trailer or gene sequences in plants may be transient or permanent. 

[0129] Thus, any one of such plants and plant materials may be transformed 
according to the present invention. In this regard, transformation of a plant is a 
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process by which DNA is stably integrated into the genome of a plant cell. "Stably" 
refers to the permanent, or non-transient retention and/or expression of a 
polynucleotide in and by a cell genome. Thus, a stably integrated polynucleotide is 
one that is a fixture within a transformed cell genome and can be replicated and 
propagated through successive progeny of the cell or resultant transformed plant. 
Transformation may occur under natural or artificial conditions using various methods 
well known in the art. See, for instance, Methods In Plant Molecular Biology 
And Biotechnology, Bernard R. Glick and John E. Thompson (eds), CRC Press, 
Inc., London (1993); Chilton, Scientific American, 248)(6), pp. 36-45, 1983; Bevan, 
Nucl. Acids. Res., 12, pp. 8711-8721, 1984; and Van Montague et al 9 Proc R Soc 
Lond B Biol Sci., 210(1 180), pp. 351-65, 1980. Plants also may be transformed using 
"Refined Transformation" and "Precise Breeding" techniques. See, for instance, 
Rommens et al in WO2003/069980, US-2003-0221213, US-2004-0 107455, 
WO2005/004585, US-2004-0003434, US-2005-0034188, WO2005/002994, and 
WO2003/079765, which are all incorporated herein by reference. 

[0130] One or more traits of a tuber-bearing plant of the present invention 
may be modified using the transformation sequences and elements described herein. 
A "tuber" is a thickened, usually underground, food-storing organ that lacks both a 
basal plate and tunic-like covering, which corms and bulbs have. Roots and shoots 
grow from growth buds, called "eyes," on the surface of the tuber. Some tubers, such 
as caladiums, diminish in size as the plants grow, and form new tubers at the eyes. 
Others, such as tuberous begonias, increase in size as they store nutrients during the 
growing season and develop new growth buds at the same time. Tubers may be 
shriveled and hard or slightly fleshy. They may be round, flat, odd-shaped, or rough. 
Examples of tubers include, but are not limited to ahipa, apio, arracacha, arrowhead, 
arrowroot, baddo, bitter casava, Brazilian arrowroot, cassava, Chinese artichoke, 
Chinese water chestnut, coco, cocoyam, dasheen, eddo, elephant's ear, girasole, goo, 
Japanese artichoke, Japanese potato, Jerusalem artichoke, jicama , lilly root, ling gaw, 
mandioca, manioc, Mexican potato, Mexican yam bean, old cocoyam, potato, saa got, 
sato-imo, seegoo, sunchoke, sunroot, sweet casava, sweet potatoes, tanier, tannia, 
tannier, tapioca root, topinambour, water lily root, yam bean, yam, and yautia. 
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Examples of potatoes include, but are not limited to Russet Potatoes, Round White 
Potatoes, Long White Potatoes, Round Red Potatoes, Yellow Flesh Potatoes, and Blue 
and Purple Potatoes. 

[0131] Tubers may be classified as "microtubers," "minitubers," "near- 
mature" tubers, and "mature" tubers. Microtubers are tubers that are grown on tissue 
culture medium and are small in size. By "small" is meant about 0.1 cm - 1 cm. A 
"minituber" is a tuber that is larger than a microtuber and is grown in soil. A "near- 
mature" tuber is derived from a plant that starts to senesce, and is about 9 weeks old if 
grown in a greenhouse. A "mature" tuber is one that is derived from a plant that has 
•undergone senescence. A mature tuber is, for example, a tuber that is about 12 or 
more weeks old. 

[0132] In this respect, a plant-derived 1ransfer-DNA ("P-DNA") border 
sequence of the present invention is not identical in nucleotide sequence to any known 
bacterium-derived T-DNA border sequence, but it functions for essentially the same 
purpose. That is, the P-DNA can be used to transfer and integrate one polynucleotide 
into another. A P-DNA can be inserted into a tumor-inducing plasmid, such as a Ti- 
plasmid from Agrobacterium in place of a conventional T-DNA, and maintained in a 
bacterium strain, just like conventional transformation plasmids. The P-DNA can be 
manipulated so as to contain a desired polynucleotide , which is destined for 
integration into a plant genome via bacteria-mediated plant transformation. See 
Rommens et al in WO2003/069980, US-2003-0221213, US-2004-0107455, and 
WO2005/004585, which are all incorporated herein by reference. 

[0133] Thus, a P-DNA border sequence is different by 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more nucleotides from a known T-DNA 
border sequence from an Agrobacterium species, such as Agrobacterium tumefaciens 
or Agrobacterium rhizogenes. 

[0134] A P-DNA border sequence is not greater than 99%, 98%, 97%, 96%, 
95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 
81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%, 
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67%, 66%, 65%, 64%, 63%, 62%, 61%, 60%, 59%, 58%, 57%, 56%, 55%, 54%, 
53%, 52%, 51% or 50% similar in nucleotide sequence to an Agrobacterium T-DNA 
border sequence. 

[0135] Methods were developed to identify and isolate transfer DNAs from 
plants, particularly potato and wheat, and made use of the border motif consensus 
described in US-2004-01 07455, which is incorporated herein by reference. 

[0136] In this respect, a plant-derived DNA of the present invention, such as 
any of the sequences, cleavage sites, regions, or elements disclosed herein is 
functional if it promotes the transfer and integration of a polynucleotide to which it is 
linked into another nucleic acid molecule, such as into a plant chromosome, at a 
transformation frequency of about 99%, about 98%, about 97%, about 96%, about 
95%, about 94%>, about 93%, about 92%, about 91%, about 90%, about 89%, about 
88%o, about 87%, about 86%, about 85%, about 84%, about 83%, about 82%, about 
8P/o, about 80%, about 79%, about 78%), about 77%, about 76%, about 75%), about 
74%), about 73%), about 72%, about 71%, about 70%, about 69%, about 68%), about 
67%), about 66%), about 65%, about 64%, about 63%, about 62%), about 61%, about 
60%, about 59%), about 58%, about 57%, about 56%), about 55%, about 54%), about 
53%), about 52%o, about 51%, about 50%), about 49%, about 48%, about 47%, about 
46%, about 45%), about 44%, about 43%, about 42%o, about 41%), about 40%), about 
39%), about 38%), about 37%, about 36%o, about 35%, about 34%, about 33%, about 
32%, about 31%o, about 30%, about 29%, about 28%o, about 27%, about 26%, about 
25%, about 24%o, about 23%, about 22%o, about 21%, about 20%, about 15%), or about 
5% or at least about 1%. 

[0137] Any of such transformation-related sequences and elements can be 
modified or mutated to change transformation efficiency. Other polynucleotide 
sequences may be added to a transformation sequence of the present invention. For 
instance, it may be modified to possess 5 5 - and 3'- multiple cloning sites, or additional 
restriction sites. The sequence of a cleavage site as disclosed herein, for example, 
may be modified to increase the likelihood that backbone DNA from the 
accompanying vector is not integrated into a plant genome. 
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[0138] Any desired polynucleotide may be inserted between any cleavage or 
border sequences described herein. For example, a desired polynucleotide may be a 
wild-type or modified gene that is native to a plant species, or it may be a gene from a 
non-plant genome. For instance, when transforming a potato plant, an expression 
cassette can be made that comprises a potato-specific promoter that is operably linked 
to a desired potato gene or fragment thereof and a potato-specific terminator. The 
expression cassette may contain additional potato genetic elements such as a signal 
peptide sequence fused in frame to the 5 5 -end of the gene, and a potato transcriptional 
enhancer. The present invention is not limited to such an arrangement and a 
transformation cassette may be constructed such that the desired polynucleotide, 
while operably linked to a promoter, is not operably linked to a terminator sequence. 

[0139] In addition to plant-derived elements, such elements can also be 
identified in, for instance, fungi and mammals. See, for instance, SEQ ID NOs: 173- 

1 82. Several of these species have already been shown to be accessible to 

l 

Agrobacteriwn-mediated transformation. See Kunik et al, Proc Natl Acad Sci USA 
98: 1871-1876, 2001, and Casas-Flores et aL, Methods Mol Biol 267: 315-325, 2004, 
which are incorporated herein by reference. 

[0140] When a transformation-related sequence or element, such as those 
described herein, are identified and isolated from a plant, and if that sequence or 
element is subsequently used to transform a plant of the same species, that sequence 
or element can be described as "native" to the plant genome. 

[0141] Thus, a "native" genetic element refers to a nucleic acid that naturally 
exists in, originates from, or belongs to the genome of a plant that is to be 
transformed. In the same vein, the term "endogenous" also can be used to identify a 
particular nucleic acid, e.g., DNA or RNA, or a protein as "native" to a plant. 
Endogenous means an element that originates within the organism. Thus, any nucleic 
acid, gene, polynucleotide, DNA, RNA, mRNA, or cDNA molecule that is isolated 
either from the genome of a plant or plant species that is to be transformed or is 
isolated from a plant or species that is sexually compatible or interfertile with the 
plant species that is to be transformed, is "native" to, i.e., indigenous to, the plant 
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species. In other words, -a native genetic element represents all genetic material that is 
accessible to plant breeders for the improvement of plants through classical plant 
breeding. Any variants of a native nucleic acid also are considered "native" in 
accordance with the present invention. In this respect, a "native" nucleic acid may 
also be isolated from a plant or sexually compatible species thereof and modified or 
mutated so that the resultant variant is greater than or equal to 99%, 98%, 97%, 96%, 
95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 
81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%, 
67%, 66%, 65%, $4%, 63%, 62%, 61%, or 60% similar in nucleotide sequence to the 
unmodified, native nucleic acid isolated from a plant. A native nucleic acid variant 
may also be less than about 60%, less than about 55%, or less than about 50% similar 
in nucleotide sequence. 

[0142] A "native" nucleic acid isolated from a plant may also encode a 
variant of the naturally occurring protein product transcribed and translated from that 
nucleic acid. Thus, a native nucleic acid may encode a protein that is greater than or 
equal to 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 
86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 
72%, 71%, 70%, 69%, 68%, 67%, 66%, 65%, 64%, 63%, 62%, 61%, 60% similar in 
amino acid sequence to the unmodified, native protein expressed in the plant from 
which the nucleic acid was isolated. 

[0143] In a terminator-free construct that so comprises two copies of the 
desired polynucleotide, one desired polynucleotide may be oriented so that its 
sequence is the inverse complement of the other. The schematic diagram of pSIM717 
in Figure 3 illustrates such an arrangement. That is, the "top," "upper," or "sense" 
strand of the construct would comprise, in the 5'- to 3'- direction, (1) a target gene 
fragment, and (2) the inverse complement of a target gene fragment. In this 
arrangement, a second promoter that is operably linked to that inverse complement of 
the desired polynucleotide will likely produce an RNA transcript that is at least 
partially identical in sequence to the transcript produced from the other desired 
polynucleotide. 
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[0144] The desired polynucleotide and its inverse complement may be 
separated by a spacer DNA sequence, such as an intron, that is of any length. It may 
be desirable, for instance, to reduce the chance of transcribing the inverse complement 
copy of the desired polynucleotide from the opposing promoter by inserting a long 
intron or other DNA sequence between the 3 '-terminus of the desired polynucleotide 
and the 5 '-terminus of its inverse complement. For example, in the case of pSIM717 
(Figure 3) the size of the intron ("I") may be lengthened so that the transcriptional 
complex of PI is unlikely to reach the sequence of the inverse complement of gus-S 
before becoming interrupted or dislodged. Accordingly, there may be about 50, 100, 
250, 500, 2000 or more than 2000 nucleotides positioned between the sense and 
antisense copies of the desired polynucleotide. 

[0145] A desired polynucleotide of the present invention, e.g., a "first" or 
"second" polynucleotide as described herein may share sequence identity with all or 
at least part of a sequence of a structural gene or regulatory element. For instance, a 
first polynucleotide may share sequence identity with a coding or non-coding 
sequence of a target gene or with a portion of a promoter of the target gene. In one 
embodiment , the polynucleotide in question shares about 100%, 99%, about 98%, 
about 97%, about 96%, about 95%, about 94%, about 93%, about 92%, about 91%, 
about 90%o, about 89%, about 88%, about 87%, about 86%, about 85%, about 84%, 
about 83%, about 82%, about 81%, about 80%), about 79%), about 78%, about 77%, 
about 76%, about 75%, about 74%, about 73%, about 72%, about 71%, about 70%, 
about 69%, about 68%, about 67%, about 66%), about 65%, about 64%, about 63%, 
about 62%, about 61%, about 60%, about 59%), about 58%), about 57%, about 56%, 
about 55%, about 54%, about 53%, about 52%, about 51%, about 50%, about 49%), 
about 48%), about 47%), about 46%, about 45%, about 44%, about 43%, about 42%), 
about 41%, about 40%, about 39%, about 38%, about 37%, about 36%, about 35%), 
about 34%, about 33%, about 32%, about 31%, about 30%, about 29%, about 28%, 
about 27%, about 26%, about 25%, about 24%), about 23%), about 22%, about 21%), 
about 20%, about 15%), or about 5% or at least about 1% sequence identity with a 
target gene or target regulatory element, such as a target promoter. 
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[0146] For ease, the term " desired polynucleotide " as used herein is not 
limiting but includes other terms used herein such as "first polynucleotide" and 
"second polynucleotide" or any polynucleotide that is used in a construct of the 
present invention to reduce expression of a target gene or sequence. Hence a "desired 
polynucleotide" may be a first or second polynucleotide or both. 

[0147] In a simpler form, a construct of the present invention does not 
contain two copies of the polynucleotide but only one copy. Accordingly, the 
polynucleotide is operably linked to promoters at both its 5'- and 3' termini. In this 
particular arrangement, RNA transcripts will be produced that comprise sequences 
from each strand of the DNA duplex. An example of this arrangement is shown in 
Figure 3 as pSIM772. 

[0148] A terminator-free cassette may exist as an extrachromosomal DNA 
molecule in a cell or it may be integrated by any one of a variety of mechanisms into 
the nucleus, chromosome, or other endogenous nucleic acid of the cell. If the 
terminator-free cassette is stably integrated into the genome of the cell, then it may be 
possible to produce a cell line, cell culture, biological tissue, plant, or organism that 
comprises the cassette in subsequent cell or organism generations. 

[0149] Expression of such a construct in a plant will reduce or prevent 
expression of gene(s) that display either shares sequence identity or inverse 
complementarity with at least part of a desired polynucleotide. The invention is not 
bound by any particular theory or mechanism, but the transcripts may, directly or 
indirectly, affect the activity of a regulatory sequence, such as a promoter, that is 
normally associated with the expression of a target gene in a cell; or the transcript 
may negatively affect the accumulation of a transcript that is endogenously produced 
in the target cell. Accordingly, either or both of transcript accumulation and transcript 
translation may be altered by the activity of the transcript produced by the expression 
cassette of the present invention. 

[0150] A plant of the present invention may be a monocotyledonous plant, 
for instance, alfalfa, canola, wheat, turf grass, maize, rice, oat, barley, sorghum, 
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orchid, iris, lily, onion, banana, sugarcane, and palm. Alternatively, the plant may be 
a dicotyledonous plant, for instance, potato, tobacco, tomato, avocado, pepper, 
sugarbeet, broccoli, cassava, sweet potato, cotton, poinsettia, legumes, alfalfa, 
soybean, pea, bean, cucumber, grape, brassica, carrot, strawberry, lettuce, oak, maple, 
walnut, rose, mint, squash, daisy, and cactus. 

[0151] The effect of the RNA molecule, which is produced by a terminator- 
free expression cassette of the present invention, may be assessed by measuring, 
directly or indirectly, the target nucleic acid or protein level in the cell or environment 
in which the expression cassette is present. Thus, the effect of an expression cassette 
of the present invention in downregulating, suppressing, reducing, or preventing or 
eliminating target gene expression may be identified by a reduction in the amount of 
RNA transcript that is produced by the target gene, or a reduction in the amount of 
target gene protein product, or both. 

/ 

[0152] A desired polynucleotide of a terminator-free construct described 
herein may be identical to, or share sequence identity with different kinds of DNA 
regions, such as (1) at least part of the sequence that encodes a target transcript, (2) at 
least part of the intron of a gene that encodes a target transcript, (3) at least part of the 
promoter of a gene that encodes a target transcript, (4) part of the terminator of a gene 
that encodes a target transcript, whereby the polynucleotide is not a terminator, (5) the 
3 5 -untranslated region of a gene, and (6) the 5 '-untranslated region of a gene. One or 
more nucleotides of any one of these regions may be mutated, altered, or substituted 
to increase sequence identity with a target sequence or to otherwise increase or 
enhance silencing of the target sequence. 

[0153] The location of the target sequence, therefore, may be in, but is not 
limited to, (i) the genome of a cell; (ii) at least one RNA transcript normally produced 
in a cell; or (iii) in a plasmid, construct, vector, or other DNA or RNA vehicle. The 
cell that contains the genome or which produces the RNA transcript may be the cell of 
a bacteria, virus, fungus, yeast, fly, worm, plant, reptile, bird, fish, or mammal. 
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[0154] Hence, the target nucleic acid may be one that is normally transcribed 
into RNA from a cell nucleus, which is then in turn translated into an encoding 
polypeptide. Alternatively, the target nucleic acid may not actually be expressed in a 
particular cell or cell type. For instance, a target nucleic acid may be a genomic DNA 
sequence residing in a nucleus, chromosome, or other genetic material, such as a 
DNA sequence of mitochondrial DNA. Such a target nucleic acid may be of, but not 
limited to, a regulatory region, an untranslated region of a gene, or a non-coding 
sequence. 

[0155] Alternatively, the target nucleic acid may be foreign to a host cell but 
is present or expressed by a non-host organism. For instance, a target nucleic acid 
may be the DNA or RNA molecule endogenous to, or expressed by, an invading 
parasite, virus, or bacteria. 

[0156] Furthermore, the target nucleic acid may be a DNA or RNA molecule 
present or expressed by a disease cell. For instance, the disease cell may be a 
cancerous cell that expresses an RNA molecule that is not normally expressed in the 
non-cancerous cell type. 

[0157] In plants, the desired polynucleotide may share sequence identity 
with a target nucleic acid that is responsible for a particular trait of a plant. For 
instance, a desired polynucleotide may produce a transcript that targets and reduces 
the expression of a polyphenol oxidase gene target in a plant and, thereby, modifies 
one or more traits or phenotypes associated with black spot bruising. Similarly, a 
desired polynucleotide may produce a transcript that targets and reduces the 
expression of a starch-associated Rl target nucleic acid or phosphorylase target 
nucleic acid in a plant, thereby modifying one or more traits or phenotypes associated 
with cold-induced sweetening. 

[0158] An expression cassette in a construct of the present invention may be 
flanked by one or more transfer-DNA ("T-DNA") border sequences. Any of the 
expression cassettes described herein, for instance, may be inserted into the T-DNA of 
an Agrobacterium-derived plasmid, such as a Ti plasmid from A. tumefaciens. 
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[0159] A border sequence may comprise a sequence that is similar to a 
traditional Agrobacterium T-DNA border sequence, but actually is a sequence that is 
native to a plant, but which can facilitate transfer and integration of one nucleic acid 
into another. For instance, such plant-derived transfer-DNA ("P-DNA") border 
sequences can be isolated from potato (SEQ ID NO: 44), tomato (SEQ ID NOs: 45- 
46), pepper (SEQ ID NO: 47), alfalfa (SEQ ID NO: 48), barley (SEQ ID NO: 49), and 
rice (SEQ ID NO: 50) shown in the sequence table elsewhere in this application. 

[0160] Accordingly, any one of the expression cassettes described herein 
may be inserted into a transfer-DNA that is delimited by such P-DNA border 
sequences, which are capable of integrating the cassette into another nucleic acid, 
such as a plant genome or plant chromosome. 

[0161] Accordingly, an Agrobacterium plasmid, which contains an 
expression cassette described herein that does not comprise a DNA region that is 
involved in 3~end formation and polyadenylation of an RNA transcript, may be stably 
integrated into the genome of a plant via Agrobacterium -mediated transformation. 
The progeny of that transformed plant, therefore, will continue to express the 
transcripts associated with the expression cassette. 

[0162] The promoters that are used to initiate transcription of the desired 
polynucleotide may be constitutive, tissue-preferred, or inducible promoters or 
permutations thereof. "Strong" promoters, for instance, include the potato ubiquitin-7 
and ubiquitin-3 promoters, and ubiquitin promoters from maize, rice, and sugarcane. 
They also include the rice actin promoter, various rubisco small subunit promoters, 
rubisco activase promoters, and rice actin promoters. Good tissue-preferred 
promoters that are mainly expressed in potato tubers include the promoters of the 
granule-bound starch synthase and ADP glucose pyrophosphorylase genes. There are 
various inducible promoters, but typically an inducible promoter can be a 
temperature-sensitive promoter, a chemically-induced promoter, or a temporal 
promoter. Specifically, an inducible promoter can be a Ha hspl7.7 G4 promoter, a 
wheat wcsl20 promoter, a Rab 16A gene promoter, an cc-amylase gene promoter, a 
pin2 gene promoter, or a carboxylase promoter. 
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[0163] Accordingly, to facilitate identification of a plant that has been 
successfully transformed with a terminator-free expression cassette, it may be 
desirable to include within the region delineated by the transfer-DNA border 
sequences a selectable or screenable marker. Inclusion of a marker is a standard 
procedure in Agrobacterium-mediated transformation and is employed to make it 
possible to readily identify successfully-transformed plant material. In the expression 
cassettes depicted in Figures 1-4, for instance, the marker is hygromycin 
phosphtransferase ("hptll"), which confers hygromycin resistance to a plant that 
expresses that marker. In such cassettes, therefore, a terminator or DNA region that is 
involved in 3-end formation and polyadenylation of an RNA transcript is operably 
linked to the hptll gene sequence. Other selectable and screenable markers may be 
used instead of hptll. 

EXAMPLES 

Example 1 

Conventional silencing constructs 

[0164] The efficacy of various silencing constructs was tested by targeting 
the beta glucuronidase (gus) reporter gene operationally linked to the strong 
constitutive promoter of figwort mosaic virus, designated here as "PI" (SEQ ID NO: 
1). This test system is stringent because the gus protein is highly stable. Thus, only 
relatively large reductions in gus transcripts result in phenotypically detectable 
reductions of gus protein levels. Most silencing constructs contain at least one copy 
of the same 304-bp gus gene fragment (SEQ ID NO: 2), operably linked in either the 
sense or antisense orientation to a strong constitutive promoter and in some cases 
followed by the terminator of the Agrobacterium nopaline synthase gene. The 
silencing constructs were inserted next to an expression cassette for the hygromycin 
phosphotransferase (hptll) selectable marker gene between the T-DNA borders of 
transformation vectors. Resulting vectors were used to retransform a tobacco plant 
that had been transformed before with a T-DNA containing an expression cassette for 
the gus gene (see also Figures 1 and 2). 



42 



WO 2006/036739 



PCT/US2005/033992 



[0165] The following transformation vectors were produced to study the role 
of a terminator element in conventional silencing constructs: 

[0166] pSIM714: The negative control vector pSIM714 5 which does not 
contain a silencing construct. 

[0167] pSIM71 8: Vector pSIM71 8 5 which contains a 'sense' gus gene 
fragment operably linked to the terminator of the nopaline synthase gene (SEQ ID 
NO: 3) that represents strategies described in, e.g., US patents 5,283,184 and 
5,231,020. This vector contains the gus gene fragment operably linked in the sense 
orientation to the promoter and followed by the terminator. 

[0168] pSIM140: Vector pSIM140, which is identical to pSIM71 8 except 
that the silencing construct does not contain a terminator. 

[0169] pSIM755 : Vector pSIM755, which contains a terminator-containing 
'antisense' construct that represents strategies described in, e.g., U.S. patents 
5,107,065 and 5,759,829. This vector contains the gus gene fragment operably linked 
in the sense orientation to the promoter and followed by the terminator. 

[0170] pSIM758: Vector pSIM758, which is identical to pSIM755 except 
that the silencing construct does not contain a terminator. 

[0171] pSIM374: Vector pSIM374, which contains a terminator-containing 
construct that comprises both a sense and antisense gus gene fragment and represents 
strategies described in, e.g., WO 99/53050A1 . This vector contains two copies of the 
gus gene fragment, one in the sense orientation and the other one in the antisense 
orientation and separated from each other by an intron, depicted in SEQ ID NO: 4, 
and inserted between promoter and terminator. 

[0172] pSIM728 and 777: Vector pSIM728, which is identical to pSIM374 
except that the silencing construct does not contain a terminator. Vector pSIM777 is 
identical to pSIM728 except that the P2 promoter is at the other side of the expression 
cassette. 
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[0173] Binary vectors containing the various constructs were introduced into 
Agrobacterium. Ten-fold dilutions of overnight-grown cultures of the resulting 
strains were grown for five to six hours, precipitated for 15 minutes at 2,800 RPM 5 
washed with MS liquid medium (ThytoTechnology, KS) supplemented with sucrose 
(3%, pH 5.7) and resuspended in the same medium to 0.2 OD/600nm. The 
suspension was then used to infect leaf explants of the transgenic in vitro grown 
Nicotiana tabacum (tobacco) plant expressing the gus gene. Infected explants were 
incubated for two days on co-culture medium (1/10 MS salts, 3% sucrose, pH 5.7) 
containing 6 g/L agar at 25°C in a Percival growth chamber (16/8 hr photoperiod) and 
subsequently transferred to M401/agar (PhytoTechnology) medium containing 
timentin (150 mg/L) and hygromycin (20 mg/L). Resulting shoots were transferred to 
hormone-free rooting medium, and three leaves of each resulting plant were stained 
for gus expression. 

[0174] Table 1 shows that all plants retransformed with pSIM714 displayed 
the same levels of gus expression as the original gus plant, confirming that 
retransformation, proliferation of single cells, and regeneration does not negatively 
affect expression of the reporter gene. 

[0175] Table 1 also shows that the constructs representing the three different 
conventional silencing methods trigger gus gene silencing with varying efficiencies. 
In agreement with what has been reported in the literature, pSIM374 is most effective. 
About half of plants that were retransformed with this constructs display at least some 
reduced level of gus activity. The two other constructs support a reduction in gus 
activity in only about 6% of retransformed plants. 

[0176] Importantly, Table 1 also demonstrates that removal of the terminator 
dramatically lowers the efficacy of the silencing constructs. For instance, pSIM374 is 
more than six-fold more efficacious than its terminator-free derivative, pSIM728. 
Hardly any activity is observed with the terminator-free pSIM758. 

[0177] It can be concluded that the terminator plays an essential role in 
optimizing the activity of conventional silencing constructs. 
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Example 2 

Effective gene silencing with terminator-free constructs comprising at least two 
copies of a target gene fragment that trigger convergent transcription 

[0178] The following transformation vectors were produced to study the 
effect of convergent transcription on gene silencing (see also Figure 3): 

[0179] pSIM7 1 5 : Vector pSIM7 1 5 contains a construct that comprises a first 
segment consisting of the gus gene fragment operationally linked to the promoter (PI) 
and a second segment in the opposite orientation that consists of the same gus gene 
fragment operationally linked to the constitutive 35S promoter of cauliflower mosaic 
virus, designated C P2' and depicted in SEQ ID NO: 5, whereby the first and second 
segment are separated by two different introns. . 

[0180] pSIM717: Vector pSIM717 is identical to pSIM715 except that the 
two segments of the construct are separated by a single intron. 

[0181] pSIM789: Vector pSIM789 is identical to pSIM71 7 except that the 
P2 promoter is replaced by a PI promoter. 

[0182] pSIM771 : Vector pSIM771 is identical to pSIM717 except that the 
PI promoter is replaced by the potato ubiquitin-7 promoter, which is depicted in SEQ 
ID NO: 6 and named here T3\ 

[0183] pSIM770: Vector pSIM770 is identical to pSIM717 except that the 
P2 promoter that drives expression of the selectable marker gene is replaced by PI ? 
and the PI promoter of the silencing construct is replaced by P2. 

[0184] pSIM772: Vector pSIM772 contains the gus gene fragment inserted 
between two different oppositely oriented promoters, P2 and P3 

[0185] pSIM756: Vector pSIM756 is identical to pSIM717 except that the 
gus gene fragments are oriented in the inverse complementary orientation relative to 
the promoter to which they are immediately linked. 
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[0186] pSIM779: Vector pSIM779 is an example of a tandem repeat of gus 
gene fragments inserted between two convergent promoters.. 

[0187] pSIM787: Vector pSIM787 is similar as pSIM779 but contains four 
direct repeats of the target gene fragment inserted between convergent promoters. 

[0188] pSIMl 1 1 1 is identical to pSIM779 except that the four direct repeats 
are preceded by an antisense DNA fragment of the gus gene that is different from 
SEQ ID NO: 2 and depicted as SEQ ID NO: 7. 

[0189] Gus assays performed on re-transformed gus plants demonstrate that 
all tested terminator-free constructs that contain two segments, each containing a 
different promoter driving the gus gene fragment, in the inverse complementary 
orientation, pSIM715, 717 5 and 756 5 771 are more efficaceous in silencing the gus 
gene than pSIM374, the construct that represents the best conventional approach. 
Furthermore, pSIM789 also confers effective gene silencing to many of the double 
transformants. 

[0190] The experiment also shows that the use of a single gus gene fragment 
(pSIM779) is not as efficaceous. This result suggests that convergent transcription of 
at least two copies of the desired polynucleotide is important for effective silencing. 

[0191] The experiment also showed that a construct with two direct repeats 
(pSIM780) triggered gene silencing. However, this arrangement was not as effective 
as the inverted repeat organization of pSIM756 (Table 1). Furthermore, four directs 
repeats (pSIM787) are more effective than two direct repeats (Table 1). 

[0192] To study the molecular basis of terminator-free silencing, RNA was 
isolated from three plants that had been retransformed with pSIM717 and three 
additional plants retransformed with pSIM715. In each case, one plant represented an 
ineffective silencing event whereas the other two plants displayed near-complete gus 
gene silencing. 
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[0193] Reverse-transcription polymerase chain reactions (RT-PCRs) were 
performed to study to production of transcripts from the two different promoters used 
in pSIM715 and pSIM717. The first primer used for these experiments (PG, shown in 
SEQ ID NO: 8) is specific for a sequence of the gus gene fragment and anneals to 
transcripts produced from either strand. The second primer was designed to anneal to 
intron sequences of one of the strands only (pIF, shown in SEQ ID NO: 9, anneals to 
a sequence of the GBSS-intron derived spacer region of transcripts produced by the 
PI promoter, and PIR, shown in SEQ ID NO: 10, anneals to transcripts produced by 
the P2 promoter). Interestingly, these studies demonstrated that the construct of the 
non-silenced plants 717-7 and 717-13 only contained transcripts produced from one 
of the two strands, either Tl or T2 (Figure 7). In contrast, the silenced plants 715-19, 
715-38, 717-55, and 717-36 produced transcripts from both strands (Figure 7). Thus, 
effective silencing is accomplished only if both promoters of the construct are 
functionally active simultaneously. 

[0194] Hybridization of subsequent RNA gel blots with radioactively 
labeled probes derived from the gus gene demonstrated that effective silencing in 715- 
38, 715-55, 717-12, 717-36, and 717-19 is correlated with a strong decrease in gus 
RNA accumulation (Figure 8). Furthermore, the transcripts produced by the 
silencing construct in fully silenced plants were generally found to be varying in size 
from about 0.2-kb to about 1.0-kb (Figure 8). Although RT-PCR revealed the 
presence of additional large transcripts that comprise not only the polynucleotide but 
also downstream promoter sequences, the presence of such transcripts could hardly be 
detected on RNA gel blots. For instance, hybridization with a probe derived from the 
PI promoter required a seven-day exposure time before an extremely faint smear 
could be observed. 

Example 3 

Silencing in potato tubers 

[0195] Various vectors were developed to test the concept of terminator-free 
silencing in tubers. These vectors contained an expression cassette for the neomycin 
phosphotransferase (nptll) gene as selectable marker system (see also Figure 6). The 
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driver promoters used for gene silencing in potato tubers were selected from the group 
consisting of: (1) the strong potato ubiquitin-7 promoter, (2) the strong tuber and 
stolon-specific promoter of the granule-bound starch synthase (GBSS) gene (SEQ ID 
NO: 12), and (3) the strong tuber-specific promoter of the potato ADP glucose 
pyrophosphorylase (AGP) gene (SEQ ID NO: 13). See Figure 4 for maps of the 
transfer DNAs. 

[0196] pSIM764: Vector pSIM764 contains a 'tuber-silencing' construct that 
comprises a first segment consisting of the 154-bp trailer of the potato tuber- 
expressed PPO gene (SEQ ID NO: 14) operably linked to the GBSS promoter and a 
second segment in the opposite orientation that consists of the same trailer fragment 
operably linked to the GBSS promoter whereby the first and second segment are 
separated by the intron of the potato ubiquitin-7 gene depicted in SEQ ID NO: 15. 

[0197] pSIM765: Vector pSIM765 is identical to pSIM764 except that the 
PPO gene fragments are oriented in the opposite orientation. 

[0198] pSIM217 represents the control plasmid and contains the two copies 
of the PPO gene inserted as inverted repeat between GBSS promoter and ubiquitin 
terminator. 

[0199] Ten-fold dilutions of overnight-grown cultures were grown for 5-6 
hours, precipitated for 15 minutes at 2,800 RPM, washed with MS liquid medium 
(Phytotechnology) supplemented with sucrose (3%, pH 5.7), and resuspended in the 
same medium to 0.2 OD/600nm. The resuspended cells were mixed and used to 
infect 0.4-0.6 mm internodal segments of the potato variety "Ranger Russet". 
Infected stems were incubated for two days on co-culture medium (1/10 MS salts, 3% 
sucrose, pH 5.7) containing 6 g/L agar at 22°C in a Percival growth chamber (16 hrs 
light) and subsequently transferred to callus induction medium (CIM, MS medium 
supplemented with 3% sucrose 3 5 2.5 mg/L of zeatin riboside, 0.1 mg/L of 
naphthalene acetic acid, and 6g/L of agar) containing timentin (150 mg/L) and 
kanamycin (100 mg/L). After one month of culture on CIM, explants were 
transferred to shoot induction medium (SIM, MS medium supplemented with 3% 
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sucrose, 2.5 mg/L of zeatin riboside, 0.3 mg/L of giberellic acid GA3, and 6g/L of 
agar) containing timentin and kanamycin (150 and 100 mg/L respectively) until 
shoots arose. Shoots arising at the end of regeneration period were transferred to MS 
medium with 3% sucrose, 6 g/L of agar and timentin (150mg/L). Transgenic plants 
were transferred to soil and placed in a growth chamber (1 1 hours light, 25°C). After 
three weeks, at least 3 minitubers/line were assayed for PPO activity. For this 
purpose, 1 g of potato tubers is pulverized in liquid nitrogen, added to 5 ml of 50 mM 
MOPS (3-(N-morpholino) propane-sulfonic acid) buffer (pH 6.5) containing 50 mM 
catechol, and incubated at room temperature with rotation for about 1 hour. The solid 
fraction was precipitated, and the supernatant transferred to another tube to determine 
PPO activity. For this purpose, 1 g of potato tubers was pulverized in liquid nitrogen. 
This powder was then added to 5 ml of 50 mM MOPS (3-(N-morpholino) propane- 
sulfonic acid) buffer (pH 6.5) containing 50 mM catechol, and incubated at room 
temperature with rotation for about 1 hour. The solid fraction was then precipitated, 
and the supernatant transferred to another tube to determine PPO activity by 
measuring the change of OD-410 over time. The experiment demonstrated that 
pSIM764 and 765 trigger effective silencing in potato tubers (Table 2). A comparison 
with data presented in WO 2003/069980 demonstrates that the method of the present 
invention can be more effective than that of conventional terminator-based gene 
silencing as exemplified by pSIM217, the PPO control. 

Example 4 

Multi-gene silencing in tobacco 

[0200] Two constructs were created to study the effect of the position of 
gene fragments within the silencing construct. For this purpose, the two copies of the 
gus gene fragment of pSIM771 were replaced by two copies of the gus gene fragment 
linked to a fragment of the tobacco polyphenol oxidase (PPO) gene (SEQ ID NO: 16) 
(also, see Figure 6): 

[0201] pSIM774: Vector pSIM774 contains a silencing construct with the 
gus gene fragments immediately linked to the promoters and the adjacent PPO gene 
fragments linked to the central intron. 
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[0202] pSIM775 : Vector pSIM775 contains a silencing construct with the 
PPO gene fragments immediately linked to the promoters and the adjacent gus gene 
fragments linked to the central intron. 

[0203] Retransformation of gus plants with these vectors is expected to 
trigger silencing as efficiently as pSIM771. 

Example 5 
Multi-gene silencing in potato 
[0204] Multiple gene silencing is implemented by simultaneously targeting 
three undesirable potato tuber genes. 

[0205] Plasmid pSIMl 121 (Russet Boise II) comprises an all-native transfer 
DNA depicted in SEQ ID NO: 17 comprising a silencing construct comprising two 
copies of a DNA segment, separated by the intron of the potato ubiquitin-7 gene and 
positioned as inverted repeat between two convergent GBSS promoters, whereby the 
DNA segment comprises (i) a fragment of the trailer of the tuber-expressed 
polyphenol oxidase gene of the wild potato relative Solanum verrucosum Schltdl. 
TRHRG 193, accession number 498062 (see: USD A, ARS, National Genetic 
Resources Program. Germplasm Resources Information Network - (GRIN). [Online 
Database] National Germplasm Resources Laboratory, Beltsville, Maryland. 
Available: http://ww.ars-grin.gov2/cgi-bin/npgs/html/acchtol.pl?1392998^ 12 
September 2005) (SEQ ID NO: 18) (ii) a fragment of the leader of the phosphorylase 
L gene (SEQ ID NO: 19), and (iii) a fragment of the leader of the Rl gene (SEQ ID 
NO: 20). 

[0206] Employment of this plasmid makes it possible to produce 
transformed potato plants that only contain native DNA and display the following 
new traits: (1) bruise tolerance due to silencing of the tuber-expressed PPO gene, (2) 
reduced cold-induced glucose accumulation due to silencing of the phosphorylase and 
Rl genes. 



50 



WO 2006/036739 



PCT/US2005/033992 



Example 6 

Highly effective promoter targeting 

[0207] The following transformation vectors were produced to demonstrate 
that sequences of the target promoter can be used to silence expression of the target 
gene (see also Figure 4): 

[0208] pSIM773: Vector pSIM773 contains a construct that comprises a first 
segment comprising the P3 promoter linked to Pl 5 and a second segment, which is 
oriented in the opposite orientation, and which comprises the P2 linked to PL The 
first and second segment are separated by an intron. Thus, this construct contains four 
functionally active promoters. The two promoters in the middle are identical, 
represent the target promoter, and are in convergent orientation. The two outside 
promoters are different to each other and in convergent orientation. All four 
promoters contain a TATA box and proceed up to a base pair upstream from the 
transcription start. 

[0209] pSIMl 101: Vector pSIMl 1 0 1 is identical to pSIM773 except that the 
P3 promoter was replaced by the nos terminator. 

[0210] pSIM788: Vector pSIM788 is similar to pSIM773 except that the two 
central PI promoters of the target gus gene only contain sequences upstream from the 
TATA box, (SEQ ID NO: 21), thus representing non-functional promoters. 

[0211] pSIMl 120: Vector pSIMl 120 is similar to pSIM773 except that the 
two central promoters of the target gene lack a TATA box and are not in convergent 
but divergent orientation. 

[0212] pSIMl 1 12: Vector pSIMl 1 12 contains a single non-functional PI 
promoter inserted between convergent P2 and P3 promoter. 

[0213] pSIMl 1 13: Vector pSIMl 113 contains two convergent PI promoters 
separated by an intron. 
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[0214] pSIM754: Control vector pSIM754 contains the PI promoter driving 
expression of the P2 promoter, and vice versa. 

[02 15] Retransformation of gus plants with pSIM773 yielded 35 hygromycin 
resistant plants. PCR analysis confirmed the presence of the transfer DNA of 
pSIM773. Surprisingly, subsequent gus staining revealed an extremely effective 
complete silencing of the gus gene (Table 1). Twenty plants (57%) did not display 
any detectable gus expression. Thus, promoter targeting using the pSIM773 strategy 
is highly desirable. 

[0216] Similar results were obtained with the target promoters in divergent 
orienteation inserted between two convergent driver promoters, with 77% of plants 
that had been retransformed with pSIMl 120 displaying full gus gene silencing (Table 

1). 

[0217] Table 1 shows that gene silencing was also accomplished by using a 
single target promoter inserted between two convergent driver promoters 
(pSIMl 1 12). However, this method may be less effective than methods that employ 
two copies of the target promoter oriented as inverted repeat. 

[0218] Furthermore, efficacy of pSIMl 113 demonstrates that driver 
promoters are not always necessary. It is possible to effectively silencing a gene by 
simply employing two convergent target promoters (Table 1). 

[02 19] Many (44%) of the plants that were retransformed with pSIM 1 1 0 1 
also displayed full gene silencing (Table 1). This finding demonstrates that promoter- 
based silencing does not require convergent transcription. 

[0220] Conventional silencing methods have often been found to not provide 
stable gene silencing in subsequent generations. In contrast, four-promoter constructs 
represented by pSIM773 gave full silencing that is completely maintained upon 
transmission of the silencing cassette to the next generation. The enhanced stability 
was demonstrated by allowing double transformed tobacco plants to mature, and 
subsequently determining gus expression levels in Tl progenies. This study showed 
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that 100% of the progeny plants that were derived from a pSIM773 plant and 
contained both gus gene and silencing cassette displayed full gus gene silencing 
(Table 3). In contrast, none of the Tl plants carrying the gus gene and pSIM374 
silencing casssette displayed full gus gene silencing (Table 3). An intermediair 
phenotype was observed by analyzing the progeny of a plant carrying the gus gene 
and the silencing cassette of pSIM717 (Table 3). 

Example 7 

Sequence requirements for promoter targeting 

[0221] The above experiments demonstrated that promoter sequences can be 
used to effectively trigger gene silencing. However, they should not be understood to 
imply that any promoter fragment of the target gene could be employed for this 
purpose. 

[0222] To study the sequence requirements for promoter-based silencing, 
two vectors were created that comprise two copies of only part of the PI promoter 
inserted as inverted repeat between the driver promoters. 

[0223] pSIMl 118: Vector pSIMl 1 1 8 contains two copies of an upstream 
300-bp fragment of the promoter shown in SEQ ID NO: 11. 

[0224] pSIMl 119: Vector pSIMl 1 1 9 contains two copies of a central 300- 
bp region of the PI promoter shown in SEQ ID NO: 51. 

[0225] Retransformation of gus plants with the two different constructs 
yielded 34 and 20 plants, respectively, that were analyzed histochemically. 
Interestingly, none of the analyzed plants displayed any reduced gus expression, 
indicating that the employed promoter fragments did not effectively trigger gene 
silencing (Table 1). 

[0226] Figure 9 shows a sequence analysis of the various promoter 
fragments. The fragment that facilitates effective gene silencing is present in 
pSIM773, 788, 1101, and 1120 but not inpSIM1118 and 1119. 
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Example 8 

Reduced cold-sweetening in tubers of potato plants containing a silencing 
construct comprising two copies of a fragment of the promoter of the Rl gene 

[0227] The sequence of the promoter of the potato starch-associated Rl 
gene, including leader and start codon, is shown in SEQ ID NO: 22. Two copies of a 
short (342-bp) Rl promoter fragment (SEQ ID NO: 23) were inserted as inverted 
repeat between either two convergently oriented promoters of the GBSS promoter (in 
plasmid pSIM1038) or a GBSS and AGP promoter in convergent orientation (in 
plasmid pSIM1043). The resulting binary vectors were used to produce transformed 
potato plants. These plants will be allowed to develop tubers, and the tubers will be 
stored for about a month or longer at 4°C. Glucose analysis of the cold-stored tubers 
will demonstrate that the transformed plants accumulate less glucose than 
untransformed control plants. The reduced accumulation of glucose will lower color 
formation during French fry processing and, thus, make it possible to reduce blanch 
time and preserve more of the original potato flavor. Furthermore, promoter- 
mediated Rl gene silencing will limit starch phosphorylation and, therefore, reduce 
the environmental issues related to the release of waste water containing potato starch. 
Other benefits of the transformed tubers include: (1) resulting French fries will 
contain lower amounts of the toxic compound acrylamide, which is formed through a 
reaction between glucose and asparagine, and (2) resulting fries will display a crisper 
phenotype, as evaluated by professional sensory panels, due to the slightly altered 
structure of the starch. 

[0228] Similar results can be obtained by employing a shorter (151 -bp) part 
of the Rl promoter, shown in SEQ ID NO. 24. Binary vector pSIM1056 comprises 
two copies of this fragment inserted as inverted repeat between two convergently 
oriented GBSS promoters; pSIM1062 comprises the fragments inserted between 
convergently oriented GBSS and AGP promoters. This vector was used to produce 
25 transformed plants, which can be shown to display reduced cold-induced glucose 
accumulation and all benefits associated with that trait. 
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Example 9 

Enhanced blackspot bruise tolerance in tubers of potato plants containing a 
silencing construct comprising two copies of a fragment of the promoter of the 

polyphenol oxidase gene 

[0229] The sequence of the promoter of the potato tuber-expressed 
polyphenol oxidase gene is shown in SEQ ID NO: 25. Two copies of a 200-bp PPO 
promoter fragment (SEQ ID NO: 26) were inserted as inverted repeat between 
convergent GBSS and AGP promoters. A binary vector comprising this silencing 
construct, designated pSIM1046, was used to produce twenty-five transformed potato 
plants. The plants can be allowed to develop tubers, and the tubers can be assayed for 
polyphenol oxidase activity. Such an analysis will show that the expression level of 
the targeted PPO gene is reduced if compared to levels in untransformed controls. 

[0230] In a similar way, plasmid pSIM1045, which contains two copies of a 
460-bp PPO promoter fragment (SEQ ID NO: 27) inserted between convergent GBSS 
and AGP promoters, can be used to lower PPO gene expression. 

[0231] Similar strategies can be used in other crop species to limit bruise. 
For instance, the promoter of the leaf-expressed PPO gene of lettuce can be used to 
reduce bruise in lettuce leaves, the promoter of the fruit-expressed PPO gene of apple 
can be used to reduce bruise in apple fruit, and the promoter of the seed-expressed 
PPO gene of wheat can be used to reduce bruise in wheat grains. In all these and 
other cases, the promoter can be isolated straightforwardly by designing primers that 
anneal to the known PPO gene sequences, and performing well-known DNA isolation 
methods such as inverse PCR. 

Example 10 

Improved oil content in seeds of canola plants containing a silencing construct 
comprising two copies of a fragment of the promoter of the Fad2 gene 

[0232] The sequence of the promoter of the Brassica Fad2 gene, including 
leader, intron, and start codon, is shown in SEQ ID NO: 28. Two copies of a 
fragment of this promoter lacking any transcribed sequences such as the 441 -bp 
fragment shown in SEQ ID 29 can be placed as inverted repeat between two 
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convergently oriented promoters that are expressed in Brassica seeds. Examples of 
'driver 5 promoters are: the promoter of a napin (1.7S seed storage protein gene) gene 
shown in SEQ ID NO: 30 or the promoter of a stearoyl-ACP desaturase gene (SEQ ID 
NO: 31). 

[0233] The silencing cassette can be placed within the transfer DNA 
sequence of a binary vector, and this binary vector can be used to transform Brassica. 
Some of the resulting plants will produce seed that contains increased amounts of 
oleic acid. 

[0234] Other promoters that can be used in silencing constructs to improve 
oil composition in oilseed crops such as canola, soybean, cotton, and sunflower 
include promoters of other genes of the fatty acid biosynthesis pathway. For instance, 
a promoter of a target fatty acid desaturase 12, or microsomal omega-6 fatty acid 
desaturase, (FAD 12) gene (e.g., Genbank Accession Nr. AF243045 for canola and 
AB 188250 for soybean) such as the soybean FAD 12 promoter shown in SEQ ID NO: 
32 can be used to increase oleic acid levels in crops such as canola and soybean. 

[0235] Furthermore, promoters of the cotton stearoyl-acyl-carrier protein 
delta 9-desaturase and oleoyl-phosphatidylcholine omega 6-desaturase genes can be 
used to increase stearic acid and oleic acid levels, respectively, in cotton. This 
promoter can be identified by performing methods such as inverse PCR using the 
known sequence of the target genes (Liu et al., Plant Physiol 129:1732-43, 2002). 
Two copies of the newly isolated promoter can then be used in strategies similar to 
that shown for pSIM773 whereby the 'driver 5 seed-specific promoters can either 
represent foreign DNA or native DNA. 
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Example 11 

Reduced lignin content in the vascular system of alfalfa plants containing a 
silencing construct comprising two copies 
of a fragment of the promoter of the Comt gene 

[0236] The promoter of the Medicago sativa (alfalfa) caffeic acid/5- 
hydroxyferulic acid 3/5-0~methyltransferase (COMT) gene, including leader, is 
shown in SEQ ID NO: 33. 

[0237] Two copies of a 448-bp promoter fragment that lacks transcribed 
sequences (SEQ ID NO: 34) were inserted as inverted repeat between two 
convergently oriented driver promoters. The first driver promoter is the promoter of 
the petE gene shown in SEQ ID NO: 35; the second promoter is the promoter of the 
Pal gene shown in SEQ ID NO: 36. A binary vector comprising this silencing 
construct, designated pSIMl 117, was used to produce transformed alfalfa plants. 
Stem tissues of the plants were assayed and shown to contain reduced levels of lignin. 

[0238] Reduced lignin content can be determined according to the following 
protocol: (i) cut stem sections and place them on watch glass, (ii) immerse the cut 
stems in 1% potassium permanganate for 5 min at room temperature, (iii) discard the 
potassium permanganate solution using a disposable pipette and wash the samples 
twice with water to remove excess potassium permanganate, (iv) add 6% HC1 (V/V) 
and let the color of the sections turn from black or dark brown to light brown, (v) if 
necessary, add additional HC1 to facilitate the removal of dark color, (vi) discard the 
HC1 and wash the samples twice with water, (vii) add few drops of 15% sodium 
bicarbonate solution (some times it may not go into solution completely), a dark red 
or red-purple color develops for hardwoods (higher in S units) and brown color for 
softwood (higher in G units). 

[0239] Nineteen transformed alfalfa lines were tested for reduced lignin 
content, and six plants were found to accumulate reduced amounts of the S-unit of 
lignin. 
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[0240] Instead of the promoter of the COMT gene, it is also possible to use 
the promoter of the caffeoyl CoA 3-O-methyltransferase (CCOMT) gene. The 
sequence of this promoter, together with downstream leader, is shown in SEQ ID NO: 
37. A fragment of SEQ ID NO: 29 that lacks transcribed sequences as depicted in 
SEQ ID NR: 38 can be used to lower lignin content. 

[0241] Similarly, lignin can be reduced in trees by using promoters of genes 
involved in lignin biosynthesis. It is also possible to use SEQ ID NO: 59 and reduce 
lignin content in maize by employing the above-described promoter-based silencing 
approach. 

Example 12 

Increased shelf life of fruits of tomato plants containing a silencing construct 

comprising two copies of a fragment 
of the promoter of the polygalacturonase gene 

[0242] A promoter of a target polygalacturonase gene such as the tomato 
promoter shown in SEQ ID NO: 39 can be used to reduce breakdown of pectin, thus 
slowing cell wall degradation, delaying softening, enhancing viscosity characteristics, 
and increasing shelf life in tomato by inserting two copies of the promoter fragment as 
inverted repeat between convergent fruit-specific driver promoters. 

Example 13 

Reduced allergenicitv of foods from plants plants containing a silencing 
construct comprising two copies of a fragment of the promoter of genes encoding 

allergens 

[0243] The promoter of the major apple allergen Mai d 1 gene can be 
isolated by employing inverse PCR methods using the known gene sequence (Gilissen 
et al., J Allergy Clin Immunol 1 1 5:364-9, 2005), and this promoter can then be used 
to develop apple varieties that contain lower allergenicity levels. 

[0244] Similarly, the promoter of the major peanut allergen Ara h 2 (Dodo et 
al., Curr Allergy Asthma Rep 5, 67-73, 2005) can be isolated using inverse PCR 
methods, and used to develop peanut varieties that contain lower allergenicity levels. 
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[0245] Furthermore, the promoter of the major soybean allergen Gly m Bd 
30 K (Herman et al., Plant Physiol 132, 36-43 5 2003) can be isolated using inverse 
PCR methods, and used to develop peanut varieties that contain lower allergenicity 
levels. 

Example 14 

Multi-gene silencing approach based on a combination of gene 
and promoter fragments 

[0246] Plasmid pSIM870 (Russet Boise III) comprises an all-native transfer 
DNA depicted in SEQ ID NO. 40 comprising (1) a first silencing cassette comprising 
two copies of a DNA segment positioned as inverted repeat between two convergent 
GBSS promoters whereby the DNA segment comprises (i) a fragment of the trailer of 
the tuber-expressed polyphenol oxidase gene of Solanum verracosum, (ii) a fragment 
of the leader of the phosphorylase L gene, and (iii) a fragment of the trailer of the 
phosphorylase L gene (SEQ ID NO: 41 ), and (2) a second silencing cassette 
comprising two copies of the Rl promoter positioned as inverted repeat between the 
driver promoters of the AGP and GBSS genes, respectively. 

[0247] Plasmid pSIM899 (Russet Boise IV) comprises an all-native transfer 
DNA depicted in SEQ ID NO: 42 comprising a first silencing cassette comprising two 
copies of a DNA segment positioned as inverted repeat between two convergent 
GBSS promoters whereby the DNA segment comprises (i) a fragment of the trailer of 
the tuber-expressed polyphenol oxidase gene of Solanum verrucosum, and (ii) a 
fragment of the leader of the phosphorylase L gene, and a second silencing cassette 
comprising four copies of the leader of the Rl gene operably linked to the AGP 
promoter and followed by an inverted repeat comprising a sense and antisense 
fragment of the Rl gene. 

[0248] Potato transformation with any of these three plasmids will produce 
plants that, compared to untransformed plants, display the following characteristics: 
(1) reduced expression of the tuber-expressed polyphenol oxidase gene and, 
consequently, (i) increased tuber polyphenol content as can be determined by xx, and 
(ii) enhanced tolerance to tuber black spot bruise as can be determined by xx, and (2) 
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strongly reduced expression of the phosphorylase and Rl genes and, consequently, (i) 
reduced starch phosphorylation and, consequently, lowered phosphate content of 
waste waters containing potato starch, and (ii) a reduced conversion of starch into 
glucose during cold-storage as determined by using the glucose oxidase/peroxidase 
reagent (Megazyme, Ireland), resulting in (a) less caramelization, and consequently, 
reduced color formation during frying, which makes it possible to store at higher 
temperatures and/or blanch for shorter time periods (b) less formation of acrylamide, 
and (c) increased crispness of fries. 

Example 15 
Intron targeting 

[0249] The polynucleotide used to generate a TFCT construct can contain 
the intron of a gene that produces the target transcript. The concept of intron-targeted 
silencing can be demonstrated by using the intron of the gus gene that is expressed in 
transgenic tobacco. 

[0250] The following transformation vector was produced to demonstrate 
that sequences of the target intron can be used to silence expression of the target gene 
(see also Figure 5): 

[0251] Vector pSIM782, which contains a construct that comprises a first 
segment consisting of the intron of the gus gene operationally linked to the promoter 
(PI) and a second segment in the opposite orientation that consists of the same gus 
gene intron operationally linked to a second constitutive promoter (P2) whereby the 
first and second segment are separated by an intron. 

[0252] An example of an intron that can be used to silence a gene is the 
intron of the Solanum vernei starch-associated Rl gene SEQ ID NO: 44. Rl gene 
silencing will reduce the extent of cold-induced sweetening in tubers during storage. 
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Example 16 

Terminator targeting 

[0253] The polynucleotide used to generate a TFCT construct can comprise 
sequences downstream from the transcribed sequences of a target gene. This concept 
can be demonstrated by using the sequences downstream from the gus gene that is 
expressed in transgenic tobacco. 

Example 17 

Reduced lignin content in the vascular system of alfalfa plants containing a 
silencing construct comprising two copies of a fragment of the Comt gene 

[0254] A binary vector designated pSIM856 was assembled comprising an 
expression cassette comprising two Comt gene fragments depicted in SEQ ID NOs: 
52 and 53, positioned as inverted repeat between two convergent alfalfa promoters 
shown in SEQ ID NOs: 54 and 55 in such a way that the promoters are operably 
linked to first the antisense fragment and then the sense fragment. The expression 
cassette is inserted between alfalfa derived sequences that function as replacement for 
Agrobacterium borders and are shown in SEQ ID NOs: 56 and 57. The entire transfer 
DNA, depicted in SEQ ID NO: 58 is inserted into a plasmid that carries an expression 
cassette for the Agrobacterium ipt gene in its backbone. 

[0255] Transformations were carried out as described in Weeks and 
Rommens, US patent application US20050034188A1, which is incorporated herein 
by reference. Two transformed plants were tested for lignin content, and both were 
found to not visibly accumulate the S-unit 
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TABLES 

Table 1. Efficacy of conventional and terminator-free silencing constructs. 
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Table 2. PPO activity in potato mini tubers, 'wt' = untransformed wild type plants; 
'401' = transformed plants carrying a transfer DNA only comprising an expression 
cassette for the nptll seelectable marker gene, 'OD' = OD260 measurement, 'S.E.' = 
standard error. 
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Table 3 



Parental line 


PCR positive for 
both gus gene and 
silencing construct 


Partially silenced 
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SEQUENCES 



SEQ 

ID 

NO: 


NAME (if 
any) 


SEQUENCE 


1 


FMV 

pr omo ue J_ 

( ' pi * ) 


AT T TAG C AG CAT T C C AGAT T G G G T T C AAT C AAC AAG GT AC GAGC CAT AT CA 
r T T T A T T P A A A T T G f^T A T C gc c aaaa c C AAG AAG G AAC T C C C AT C C T C AAA 
GGTTTGTAAGGAAGAATTCTCAGTCCAAAGCCTCAACAAGGTCAGGGTACA 
G AGT C T C C AAAC CAT TAG C C AAAAG CT AC AG GAG AT C AAT G AAG AAT C T T C 
AAT C AAAGT AAAC T AC T G T T C CAGCAC AT GC AT CAT G GT CAGTAAGT T T C A 
GAAAAAGACATCCACCGAAGACT T AAAGT TAGT GGGC ATCT T T GAAAGT AA 
TCT T GT CAACATC GAGCAGCT GGCT T GT GGGGACCAGACAAAAAAGGAAT G 
GTGCAGAATTGTTAGGCGCACCTACCAAAAGCATCTTTGCCTTTATTGCAA 
AG AT AAAG C AG AT T C C T C T AGT AC AAG T G G G G AAC AAAAT AAC GT G G AAAA 
GAGCT GT CCT GACAGCCC ACT CACT AAT GCGT AT GAC GAACGCAGTGACGA 
CC AC AAAAG AAT T C C CT C TAT AT AAG AAG GC AT T CAT T CC CAT T T G AAG GA 
T CAT CAGAT ACT C AAC C AAT 


9 


VJ *i -^.H 

gus gene 
fragment 


CAACGCGTAAACTCGACCCGACGCGTCCGATCACCTGCGTCAATGTAATGT 
TCT GCGACGCTCACACCGAT ACCAT CAGCGAT CT CT T T GAT GT GCT GTGCC 
TGAACCGTTATTACGGATGGTATGTCCAAAGCGGCGATTTGGAAACGGCAG 
AG AAG GT AC T GG AAAAAG AAC TTCTGGCCTGG C AG GAG AAAC T G CAT C AG C 
CGATTATCATCACCGAATACGGCGTGGATACGTTAGCCGGGCTGCACTCAA 
TGTACACCGACATGTGGAGTGAAGAGTATCAGTGTGCATGGCTGGATAT 


3 


terminat 
or of 
pSIM718 


CGTTCAAACATTTGGCAAT AAAGT TTCTTAAGATTGAATCCTGTTGCCGGT 
CT T GC GAT GAT TAT CAT AT AAT T T C T G T T G AAT T AC G T TAAG CAT GT AAT A 
ATTAACATGTAATGCATGACGTTATTTATGAGATGGGTTTTTATGATTAGA 
GTCCCGCAATTATACATTTAATACGCGATAGAAAACAAAATATAGCGCGCA 
AACTAGGATAAATTATCGCGCGCGGTGTCATCTATGTTACTAGATCGGG 


4 


intron 
of 

pSIM374 


GTGGTAACTTTTACTCATCTCCTCCAATTATTTCTGATTTCATGCATGTTT 
CCCTACATTCTATTATGAATCGTGTTATGGTGTATAAACGTTGTTTCATAT 
CTCATCTCATCTATTCTGATTTTGATTCTCTTGCCTACTGAATTTGACCCT 
ACTGTAATCGGTGATAAATGTGAATGCTTCCTCTTCTTCTTCTTCTTCTCA 
GAAATCAATTTCTGTTTTGTTTTTGTTCATCTGTAGCTTG 


D 


J JO 

promoter 
of 

caulif lo 
wer 

mosaic 
virus 
('P2' ) 


TAGCTTCATGGAGTCAAAGATTCAAATAGAGGACCTAACAGAACTCGCCGT 
AAAGACT GGCGAACAGT T CAT ACAGAGT CT CT T AC GACT CAAT GACAAGAA 
G AAAAT C T T C G T C AAC AT G GT G GAG C AC GAC AC AC T T GT C T AC T C C AAAAA 
TATCAAAGATACAGTCTCAGAAGACCAAAGGGCAATTGAGACTTTTCAACA 
AAGGGTAATATCCGGAAACCTCCTCGGATTCCATTGCCCAGCTATCTGTCA 
CTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCTACAAATGCCATCA 
TTGCGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCC 
C AAAG AT G GAC C C C CAC C C AC GAG GAGC AT C GT G GAAAAAGAAGAC GT T C C 
AAC C AC G T CT TC AAAG C AAGT GG ATT GAT GT GAT AT CT CCACT GACGTAAG 
GGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGG 
AAGT T CAT T T CAT T T G GAG AG AAC AC G G G G GAC T C 


6 


promoter 
of 

potato 
Ubiquiti 
n-7 gene 


tcg'agcacattgattgagttttatatgcaatatagtaataataataatatt 

T CT T AT AAAGCAAGAG GT CAAT t TT T T T T TAT TAT AC C AAC GT C ACT AAAT 
TAT AT T T GAT AAT GT AAAAC AAT T CAAT T T T AC T T AAAT AT CAT G AAAT AA 
AC T AT T T T TAT AAC C AAAT T AC T AAAT T T T T C C AAT AAAAAAAAGT CAT T A 
AGAAGACAT AAAAT AAAT T T GAGT AAAAAG AG T GAAGT C GAC T GACT T T T T 
T T T TT T TAT CAT AAGAAAAT AAAT TAT TAACT T T AAC CT AAT AAAAC ACT A 
AT AT AAT T T CAT GGAAT CT AAT ACT TACCT CT TAGAAATAAGAAAAAGT GT 
TT CT AAT AGACC CT CAAT T TACAT T AAAT AT T T T CAAT C AAAT T T AAAT AA 
CAAAT AT CAAT AT GAGGT C AAT AAC AAT AT C AAAAT AAT AT G AAAAAAGAG 
CAAT AC AT AAT AT AAG AAAGAAGAT T T AAGT GCG AT TAT CAAGGT AGT AT T 
ATATCCTAATTTGCTAATATTTAAACTCTTATATTTAAGGTCATGTTCATG 
ATAAACTTGAAATGCGCTATATTAGAGCATATATTAAAATAAAAAAATACC 
T AAAAT AAAAT T AAGT T AT T T T T AGT AT AT AT T T T T T TACAT GAC CT ACAT 
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TTTTCTGGGTTTTTCTAAAGGAGCGTGTAAGTGTCGACCTCATTCTCCTAA 
TTTTCCCCACCACATAAAAATTAAAAAGGAAAGGTAGCTTTTGCGTGTTGT 
TTTGGTACACTACACCTCATTATTACACGTGTCCTCATATAATTGGTTAAC 
CCTATGAGGCGGTTTCGTCTAGAGTCGGCCATGCCATCTATAAAAT GAAGC 
TTTCTGCACCTCATTTTTTTCATCTTCTATCTGATTTCTATTATAATTTCT 
CTCAATTGCCTTCAAATTTCTCTTTAAGGTTAGAAATCTTCTCTATTTTTG 
GTTTTTGTCTGTTTAGATTCTCGAATTAGCTAATCAGGTGCTGTTATAGCC 
CTTA 


7 


antisens 
e gus 
gene 

fragment 


CCTTCACCCGGTTGCCAGAGGTGCGGATTCACCACTTGCAAAGTCCCGCTA 
GTGCCTTGTCCAGTTGCAACCACCTGTTGATCCGCATCACGCAGTTCAACG 
CTGACATCACCATTGGCCACCACCTGCCAGTCAACAGACGCGTGGTTACAG 
TCTTGCGCGACATGCGTCACCA 


8 


PG 

primer 


CAACGCGTAAACTCGACCCGACGCGTC 


9 


pIF 
primer 


TTGTTTTTGTTCATCTGTAGCTTCTGC 


10 


PIR 

primer 


T G GAG GAG AT G AG T AAAAG T T AC C AC G 


11 


300-bp 
5' 

fragment 
of PI 
promoter 


ATTTAGCAGCATTCCAGATTGGGTTCAATCAACAAGGTACGAGCCATATCA 
CTTTATTCAAATTGGTATCGCCAAAACCAAGAAGGAACTCCCATCCTCAAA 
GGTTTGTAAGGAAGAATTCTCAGTCCAAAGCCTCAACAAGGTCAGGGTACA 
GAGT CT CCAAACCAT TAGCC AAAAGC TACAGGAGAT CAAT GAAGAAT CT T C 
AAT C AAAGT AAAC T AC T GT T C CAGC AC AT GC AT CAT GGT CAGT AA GT T T C A 
GAAAAAGACATCCACCGAAGACTTAAAGTTAGTGGGCATCTTTGA 


12 


promoter 
of 

potato 

GBSS 

gene 


GAAC CAT GC AT CT CAAT C T T AAT AC T AAAAAAT GC AAC AAAAT T C TAGT GG 
AGGGACCAGTACCAGTACATTAGATATTATCTTTTATTACTATAATAATAT 
TTTAATTAACACGAGACATAGGAATGTCAAGTGGTAGCGGTAGGAGGGAGT 
TGGTTCAGTTTTTTAGATACTAGGAGACAGAACCGGAGGGGCCCATTGCAA 
GGC C C AAGT T GAAGT C C AG C C GT G AAT C AAC AAAGAG AGGGC C CAT AAT AC 
T GT C GAT GAGCAT T T CCC T AT AAT ACAGT GT CC ACAGT T GCCT T CC GCT AA 
GGGATAGCCACCCGCTATTCTCTTGACACGTGTCACTGAAACCTGCTACAA 
ATAAGGCAGGCACCTCCTCATTCTCACACTCACTCACTCACACAGCTCAAC 
AAGT GGTAACTTT TACT CAT CTCCTCCAAT TAT TTCT GAT TT CAT GCATGT 
T TC CC T ACAT T CT ATT AT GAAT C GT GT TAT GGT GT AT AAAC GT T GT T T CAT 
ATCTCATCTCATCTATTCTGATTTTGATTCTCTTGCCTACTGAATTTGACC 
CTACTGTAATCGGTGATAAATGT GAAT GCT TCCTCTTCTTCTTCTTCTTCT 
CAGAAATCAATTTCTGTTTTGTTTTTGTTCATCTGTAGCTTGGTAG 


13 


promoter 
of 

potato 
AGP gene 


CCGCAGTGTGCCAGGGCTGTCGGCAGATGGACATAAATGGCACACCGCTCG 
GCT C GT GGAAAGAGT AT GGT CAGT T T CAT T GAT AAGT AT T T ACT CGT AT T C 
GGT GT TT AC AT CAAGT T AAT AT GT T C AAACAC AT GT GAT AT CAT AC AT C CA 
TTAGTTAAGTATAAATGCCAACTTTTTACTTGAATCGCCGAAT7VAATTTAC 
T T AC GT CC AAT AT T TAGT T T T GT GT GT C AAAC AT AT CAT GCAC T AT T T GAT 
T AAGAAT AAAT AAAC GAT GT GT AAT T T GAAAACC AAT T AG AAAAGAAGT AT 
GACGGGAT T GAT GT T CT GT GAAAT C ACT GGT AAAT T GGACGGACGAT GAAA 
TT T GAT CGT CCAT T T AAGC AT AGC AACAT GGGT CT T TAGT CAT CAT CAT T A 
T GT TAT AAT TATTTTCTT GAAAC T T GAT AC AC C AAC T T T CAT T GGGAAAGT 
GAC AGCAT AGT AT AAACT AT AAT AT C AAT T C T GGC AAT T T CGAAT T AT T CC 
AAATCTCTTTTGTCATTTCATTTCCTCCCCTATGTCTGCAAGTACCAATTA 
T T T AAGT AC AAAAAAT C T T GAT T AAAC AAT TTATTTTCT C AC T AAT AAT C A 
CATTTAATCATCAACGGTTCATACACGTCTGTCACTCTTTTTTTATTCTCT 
CAAGC GCATGT GAT CATACCAATTATTTAAATACAAAAAATCTTGATTAAA 
CAAT T CAGT TTCT C ACT AAT AAT C AC AT T T AAT CAT CAAC GGT T CAT AC AC 
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ATCCGTCACTCTTTTTTTATTCTCTCAAGCGCATGTGATCATACCAATTAT 
T T AAAT AC AAAAAAT CTT GAT T AAAC AAT T CAT T T T CT CACT AAT AAT C AC 
ATTTAATCATCAACGGTTTATACACGTCCGCCACTCTTTTTTTATTCTCTC 
AAGC GTAT GT GAT CATAT CT AAC T CT C GT GC AAACAAGTGAAAT GACGT T C 
APT A AT A A AT A ATCTTTTRAAT ACTTTGTTCAGTTT AATTTATTTAATTTG 

Jrx\^i X i^ri X rirXri X xj-la X x X x X Vjnn X nv x x x vj x x i\j x x x nn x x x n, x x x m i x x x vj 

ATAA 


14 


154-bp 

trailer 

of 

potato 
PPO gene 


TTAGTCTCTATTGAATCTGCTGAGATTACACTTTGATGGATGATGCTCTGT 
TTTTGTTTTCTTGTTCTGTTTTTTCCTCTGTTGAAATCAGCTTTGTTGCTT 
GAT T T CAT T GAAGT T GT T AT T C AAGAAT AAAT CAGT T AC AAT T AT GT T T GG 
G 


15 


intron 
of 

potato 
ubiquiti 
n-7 gene 


GTTAGAAATCTTCTCTATTTTTGGTTTTTGTCTGTTTAGATTCTCGAATTA 
GCTAATCAGGTGCTGTTATAGCCCTTAATTTTGAGTTTTTTTTCGGTTGTT 
TTGAT GGAAAAGGCCTAAAATTTGAGTTTTTTTACGTTGGTTTGATGGAAA 
AGGCCTACAATTGGAGTTTTCCCCGTTGTTTTGATGAAAAAGCCCCTAGTT 
TGAGATTTTTTTTCTGTCGATTCGATTCTAAAGGTTTAAAATTAGAGTTTT 
TACATTTGTTTGATGAAAAAGGCCTTAAATTTGAGTTTTTCCGGTTGATTT 
GAT GAAAAAGCCCTAGAATTTGTGTTTTTTCGTCGGTTTGATTCTGAAGGC 
CTAAAATTTGAGTTTCTCCGGCTGTTTTGATGAAAAAGCCCTAAATTTGAG 
TTTCTCCGGCTGTTTTGATGAAAAAGCCCTAAATTTGAGTTTTTTCCCCGT 
GT T T T AGAT T GTT T GGTT T T AAT T CT C GAAT C AGC T AAT CAGG GAGT GT GA 
AAAGCCCTAAAATTTGAGTTTTTTTCGTTGTTCTGATTGTTGTTTTTATGA 
ATTTGCAG 


16 


fragment 
of 

tobacco 
PPO gene 


T T AGT CT CT ATT GAAT CT GCTG AGAT T AC ACT TT GAT GGAT GAT GCTCTGT 
TTTTGTTTTCTTGTTCTGTTTTTTCCTCTGTTGAAAT CAGCTTTGTTGCTT 
GAT T T CAT T GAAGT T GT TAT T C AAGAAT AAAT CAGT TACAAT TAT GT T T GG 
G 


17 


transfer 
DNA of 
Russet 
Boise II 


T GGC AGGAT ATAT ACCGGT GT AAACGAAGT GT GT GT GGT T GAT CCAAAAT C 
TATC GT ACCTTT AGAAAGT GT AGC TAT GAAGGAT AGT CTCACTT AT GAAGA 
AC T AC CT AT T GAG AT T C T T GAT C GT C AGG T C C G AAGG T T G AGAAAAAT AG A 
AGTCGCTTCAGTTACGGCTTTGTGGAGGAGTAAGGGTACCGAACCATGCAT 
CTCAATCTTAATACTAAAAAAT GCAACAAAATTCTAGTGGAGGGACCAGTA 
CC AGT AC AT T AGAT AT T AT CT T T TAT TACT AT AAT AAT AT TT T AAT T AAC A 
CGAGACATAGGAATGTCAAGT GGT AGC GGT AGGAGGGAGTT GGTT CAGT TT 
TTTAGATACTAGGAGACAGAACCGGAGGGGCCCATTGCAAGGCCCAAGTTG 
AAG T C C AGC C GT GAAT C AAC AAAG AGAGG G CC CAT AAT AC T GT C GAT GAG C 
ATTTCCCTATAATACAGT GTCCACAGTTGCCTTCCGCTAAGGGATAGCCAC 
CCGC TAT T CT CT T GAC ACGT GT CACT GAAAC CT GCT ACAAAT AAGGCAGGC 
ACCT CCT CAT TCT CACACT CACT CACTC ACACAGCT CAACAAGT GGT AAC T 
TTTACTCATCTCCTCCAATTATTTCTGATTTCATGCATGTTTCCCTACATT 
CTAT TAT GAAT CGT GTTATGGTGTATAAACGTTGTTTCATATCTCATCTCA 
T CTAT T CT GATT T T GAT TCTCTTGCCTACT GAAT TT GAC CCT ACT GT AAT C 
GGTGATAAATGTGAATGCTTCCTCTTCTTCTTCTTCTTCTCAGAAATCAAT 
TTCTGTTTTGTTTTTGTTCATCTGTAGCTTGGTAGATTCCCCTTTTTGTAG 
ACCACACATCACGGATCCCCCAAACATAATTGTAACTGATTTATTCTTGAA 
T AAC AACT T C AAT GAAAT C AAGC AAC AAAGCT GATT T CAACAT GAAAAAAC 
AGAAC AAGAAAAC GAAAAC AG AG CAT CAT CC AT CAAAGT GT AAT CT C AGC A 
GAT T CAAT AGAGACTAACT CGAGGT GCT CTCT AT GCAAATCTAGCTTTT CG 
AAT G AGAGT GAT AAGAGAGT GAGGAT T GT GAAT TAT T T TAT T GAT GAAG AT 
T G GAGAAGT CAAT T AT T GAT T C AC AC AC AGGAAT TAAGT GT GT T GT GT T GC 
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* 


GTCCTCTTGTGGAAATTAAATGTCACCCTTTTTTTATTTATCAATAAAAGC 
ACGAAAATCTCCTGCACTACTCCCCTGCACTCTCTTATATTTGTCCATTTC 
CCACAAATCCCTAACTTAATTACTTACCCACACTCAAGCTTCAACACTGTT 
GAGGTTAGGAATCCCTGGTACAGCAAGTTATTCCCTAAGGAATTACTCATA 
TCCTCCCACTGGCTTAATTCACTCAAGTTCAGCTAGAAACGTCGATTTCTA 
GT GAAGT AACGAGGAAAT T AGCGAAGAAGC GT C GAGAAAT T C GAT GAAGAT 
GAAT T C AC G AAG C AAAAT GAAGAT TGGAGCAGAGAGT AT GGGGATT GGAGA 
GT GGAAAGT GGTAGT GAAAT AAGGT C CGC GGGT TAAAT T CAT GAT TT TAT G 
AACT CAAT AGCT T T TC AT AAT GAGCAAT AT T AT CT T T CT T CAGT AGCAAAT 
CCACATGCTCTTATGCTCGCTGAAATAGTTTTGGCCGTGGAGTTTCACCAT 
CTATGTTTACAATTGATTCTTGTAGCTGCAGACCTTATTTCACTACCACTT 
TCCACTCTCCAATCCCCATACTCTCTGCTCCAATCTTCATTTTGCTTCGTG 
AATTCATCTTCATCGAATTTCTCGACGCTTCTTCGCTAATTTCCTCGTTAC 
T T C ACT AG AAAT C GAC GT T T C T AGC T G AAC T T G AGT GAAT T AAGC CAGT G G 
GAGGATATGAGTAATTCCTTAGGGAATAACTTGCTGTACCAGGGATTCCTA 
ACCTCAACAGTGTTGAAGCTTGAGTGTGGGTAAGTAATTAAGTTAGGGATT 
T GT GGGAAAT GGACAAAT AT AAGAGAGT GC AGGGGAGT AGT GC AG GAG AT T 
TTCGT GCT TT T ATTGAT AAAT AAAAAAAGGGT GAC ATT T AAT TTCCAC AAG 
AG GAC G C AAC AC AAC AC AC T T AAT TCCTGTGTGT GAAT CAAT AAT T GAC T T 
CT CC AAT C T T CAT CAAT AAAAT AAT T C AC AAT CCT C AC T C T C T T AT CAC TC 
T CAT T C GAAAAGCT AGATT T GC AT AGAGAGC ACCT C GAGT T AGT C T CT AT T 
GAAT CT GCT GAGATTACACTTT GAT GGAT GAT GCTCTGTTTTCGTTTTCTT 
GTTCTGTTTTTTCATGTTGAAATCAGCTTTGTTGCTTGATTTCATTGAAGT 
T GT T AT T C AAG AAT AAAT C AGT T AC AAT TAT GT T T GGGTCT AGAGT GAT GT 
GT GGT CT AC AAAAAGGGGAAT CT ACC AAGC T ACAG AT GAAC AAAAAC AAAA 
CAGAAAT T GAT T T C T GAGAAG AAGAAGAAGAAGAGG AAGC AT T CAC AT T T A 
T CAC C GAT T AC AGT AGGGT C AAAT T CAGT AGGC AAGAGAAT C AAAAT C AGA 
AT AG AT GAGAT GAGAT AT GAAACAAC GT T T AT AC AC CAT AAC AC GAT T C AT 
AAT AGAAT GT AGGGAAACAT GCAT GAAAT CAGAAAT AATT GGAGGAGAT GA 
GT AAAAGT T AC C ACT T GT T GAGC T GT GT GAGT GAGT GAGT GT GAGAAT GAG 
GAGGT GCCT GC CT T AT T T GT AGCAGGTT T CAGT GAC AC GT GT C AAGAGAAT 
AGCGGGTGGCTATCCCTTAGCGGAAGGCAACTGTGGACACTGTATTATAGG 
GAAAT GCTCATCGACAGTATTATGGGCCCTCTCTTTGTTGATTCACGGCTG 
GACTTCAACTTGGGCCTTGCAATGGGCCCCTCCGGTTCTGTCTCCTAGTAT 
CTAAAAAACTGAACCAACTCCCTCCTACCGCTACCACTTGACATTCCTATG 
T CT C GT GT T AAT T AAAAT AT TAT TATAGTAATAAAAGATAATAT C T AAT GT 
ACT GGT ACT GGTCCCTCCACT AGAAT TTTGTTGCATTTTTT AGT ATT AAGA 
T T GAGAT GCAT GGT T CGAGCT CCT T C AAC AT GT T AT AAACT T C ACAT AT T C 
AGTT GGGAAT AGGCTT TAT AAT GAGT T GGACT ACGT TAT GT CCCCCT CAAG 
TCCCAGAATTATGTGCCCCCGTATGTTATAAGTCCCCTCTGCGGGCATCAA 
TTTAGTGATCACGCCAGACATGCCTCTATACCTCGGCCAGGATATATTTGT 
T GGT AAT G 


18 


fragment 
of 

trailer 
of the 
Solanum 
verrucos 
urn 

tuber- 
expresse 
d PPO 
gene 


C C C AAAC AT AAT T GT AACT GAT T T AT T C T T GAAT AAC AAC T T CAAT GAAAT 
C AAGC AAC AAAGC T GAT T T C AAC AT GAAAAAACAGAACAAGAAAAC GAAAA 
CAGAGC AT CAT C CAT CAAAGT GT AAT CT C AGC AGAT T C AAT AGAGACT AA 


19 


fragment 
of 

phosphor 
ylase 


GT GCT CT CT AT GC AAAT CT AGCT T T T C GAAT GAGAGT GAT AAGAGAGT GAG 
GAT T GT GAAT T AT T T TAT T GAT GAAGAT T GG AG AAGT CAAT T AT T GAT T C A 
C ACAC AGGAAT T AAGT GT GT T GT GT T GC GT C C T C T T GT G GAAAT TAAAT GT 
CAC CCTTTTTTT AT T T AT C AAT AAAAGC AC G AAAAT CT C CT G CAC T AC T C C 
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leader 


CCTGCACTCTCTTATATTTGTCCATTTCCCACAAATCCCTAACTTAATTAC 
TTACCCACACTC 


20 


fragment 
of Rl 
leader 


CAACACTGTTGAGGTTAGGAATCCCTGGTACAGCAAGTTATTCCCTAAGGA 
ATTACTCATATCCTCCCACTGGCTTAATTCACTCAAGTTCAGCTAGAAACG 
T C GAT T T CTAGT G AAGT AAC GAGGAAAT TAGC GAAGAAGC GT C GAGAAAT T 
CGAT GAAGAT GAAT T CAC GAAGC AAAAT GAAGAT T GGAGC AGAGAGT AT GG 
GGAT T GGAGAGT GGAAAGT GGTAGT GAAAT AAGGT 


21 


non- 
function 
al PI 
promoter 
without 
TATA box 
of 

pSIM788 


AT TT AGC AGC AT T CCAGAT T GGGT T C AAT C AAC AAGGT AC GAGC CAT AT C A 
CTTTATTCAAATTGGTATCGCCAAAACCAAGAAGGAACTCCCATCCTCAAA 
GGTTTGTAAGGAAGAATTCTCAGTCCAAAGCCTCAACAAGGTCAGGGTACA 
GAGT CT CC AAACCAT TAGC CAAAAGCT ACAGGAGAT C AAT GAAGAAT CT T C 
AAT C AAAGT AAAC T AC T GT T C C AGC AC AT G CAT CAT G GT C AG T AAGT T T C A 
GAAAAAGACATCCACCGAAGACTTAAAGTTAGTGGGCATCTTTGAAAGTAA 
T CT T GT C AAC AT C GAGC AG C T GGC T T GT GGGGAC C AGACAAAAAAGGAAT G 
GTGCAGAATTGTTAGGCGCACCTACCAAAAGCATCTTTGCCTTTATTGCAA 
AGATAAAGCAGATTCCTCTAGTACAAGTGGGGAACAAAATAACGTGGAAAA 
GAGC T GT C C T GAC AG CC CAC T C ACT AAT GC GT AT G AC G AAC G C AGT G AC G A 
CCACAAAAGA 


22 


promoter 
of 

potato 
Rl gene 


TT CAAAT T T C AT T T GT GT C AT AT AAAT T GAGAC AT AT AAT T GT C GGC AC AT 
GCTCATGTATCCAAACAAGGATAATTTGATCATCTATTCTTATATATTTGA 
AAAT T AC GAT AAT AAT AC T T T AAAT CAC AAT AAT T AAC AAGT T AAAATAT T 
T AAAAGT CAT AT AAAAAAT T AAT T GAC T C T C AAAAT T C T GT AAGT AC T AT A 
AAT TAAAAT AAAT AAC AACT T AAGAAT T T CAAAGTC AT AAAAAAT T T GG T G 
GCTCTCTAAAATATATCAATGTCACATAAAAAGTAACATATATTATTCAGA 
AAT T AC GT AAAAG AT ACC AC AAAT T AC AAT AAT T AAC AACT T GAAAT AT T T 
AAAAT AC AT AAAAAT AAT T AAT T T T AGAAATT C CAGGC GT GCC AC AT AAAT 
T GGGAC AAC GAAAT AAT AT AT ACT AT TAT TTTAAAATTAT GT AAAAAAAT A 
ATT CT AAAT CAT GAT AAT T AAT AACT TAAAAT AT TAT T AAAAAT CAT AT AA 
AAATT T AAAT AAT T GCT C AGGT T T C AGCC GT AT T AC AT AAAT T AGGAT AAA 
AAATAATATATATTGGGCCCCGTGCTGGCACGGGGGCCCGTATCTAGTTTA 
TAT AAT AAAT ATCGTTTCT AGT CT AT CTCTTCT GAT GCT AAAT AAAGTCTG 
TGATTATCTTTTAATTTTTTCTACTCAGCATGGGGTGCCGTATCTAGTTTA 
T AT AAT AAAT AT C GT T T CT AGT CT AT CTCTTCT GAT GCT AAAT AAAGT C AG 
TGATTATTTTTTAATTTTTTCTACTAGGTAATGTAAAATTCTTAT GTTAAC 
CAAAT AAAT T GAGAC AAAT T AAT T C AGT T AAC C AGAGT T AAGAGT AAA GT A 
C T AT T GC AAGAAAAT AT C AAAGGCAAAAG AAAAGAT CAT GAAAGAAAAT AT 
CAAAG AAAAAGAAG AG GT T AC AAT C AAAC T CC C AT AAAAC T C C AAAAAT AA 
AC AT T CAAAT T GC AAAAAC AT C C AAT CAAAT T GC T C T AC T T CAC G GG GC C C 
ACGC 


23 


342-bp 

fragment 

of 

promoter 
of Rl 
gene 


AAAAT T CT T AT GT T AACC AAAT AAAT T GAGAC AAAT TAATTC AGT T AAC C A 
GAGTTAAGAGTAAAGTACTATTGCAAGAAAATATCAAAGGCAAAAGAAAAG 
AT CAT GAAAGAAAAT AT C AAAGAAAAAGAAGAGGT T AC AAT C AAACT CC CA 
TAAAACT C C AAAAAT AAAC AT T CAAAT T GC AAAAAC AT C C AAT CAAAT T GC 
TCTACTTCACGGGGCCCACGCCGGCTGCATCTCAAACTTTCCCACGTGACA 
TCCCATAACAAATCACCACCGTAACCCTTCTCAAAACTCGACACCTCACTC 
TTTTTCTCTATATTACAATAAAAAATATACGTGTCC 


24 


151-bp 

fragment 

of 

promoter 
of Rl 
gene 


CAT T CAAAT T GC AAAAAC AT C C AAT CAAAT TGCTCTACTT CAC GGGGCCCA 
CGCCGGCTGCATCTCAAACTTTCCCACGTGACATCCCATAACAAATCACCA 
CCGTAACCCTTCTCAAAACTCGACACCTCACTCTTTTTCTCTATATTAC 
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25 


promoter 
of 

potato 
tuber- 
expresse 
d PPO 
gene 


TAATATAACATACCAT GG GT GGAGC T AGAAGT CT GAT TACAAAT T T C GT C A 
AATTCAACAATATTTGCTTAAATAATATATTTGTATAGTAATTTTTTTTAC 
AAAAT AT AT AC AAAT TTAGGT CAAGGAT T CAGT TAT TAACCCT T TAAAAT C 
GT GT CAT AAAAT TC AAT GTT AAAAT TCTGACTTTCCCCGTGCTT AAC ATT A 
CT TAT C AAATT T AT GT T T CT GT GT AGAAAAGT ACT AGT ACT ACT CT T T GAC 
T C GT CT AGACGT CT AC T AT AGAT CT CC T T AGAT T AAAAACT C CAGT T T T AA 
TATTTTCCTCACAATTATTATTCTTAATCTACCACCTACCGGAGTCACAAA 
TATATTAAATGAAAATATTCTATCTATTAATTTATGATCTACCTATTGATA 
ATTT GT AATCT AGTCAAAAT GAT GGC AAAAAAAAT AT AAT AT CT AGACT GA 
AGTTCTTAGTCAATAGCGTAAATGAAAGAAAAAAAAAAAAGCTCAAGAAGA 
AAC AT GAT AT CT TT GT T GC T C T GAT T C GT AAAAAAAAAAAC AT AGT AACT T 
CATAAAATATCTTATCCTTTGGACAGAGCGATGAAAAAAATATATTACTAG 
TAATACTGAGATTAGTTACCTGAGACTATTTCCTATCTTCTGTTTTGATTT 
GAT T TAT T AAGGAAAAT TAT GT T T C AAC GGCC AT GC T T AT C CAT G CAT TAT 
TAATGATCAATATATTACTAAATGCTATTACTATAGGTTGCTTATATGTTC 
TGTAATACTGAATATGATGTATAACTAATACATACATTAAATTCTCTAATA 
AATCTATCAACAGAAGCCTAAGAGATTAACAAATACTACTATTATCCAGAC 
T AAGT T AT TTTTCTGTT T AC T AC AG AT C C T T C CAAG AACAAAAAC T T AAT A 
ATTGTATGGCTGCTATACATAATTCCCCACCTACCGCTTCCTGGAATAATT 
GATATGGAAGCCGCCTCTAAAATTGAATAATTATACTGTTTTACATATTAT 
ATAA 


26 


200-bp 

fragment 

of 

promoter 
of PPO 
gene 


AAGT TAT TTTTCTGTTT ACT AC AGAT C C T T C C AAGAAC AAAAAC T T AAT AA 
TTGTATGGCTGCTATACATAATTCCCCACCTACCGCTTCCTGGAATAATTG 
ATATGGAAGCCGCCTCTAAAATTGAATAATTATACTGTTTTACATATTATA 
T AAAGC AAGGT AT AGC C C AAT GAAT T T T CAT T C AAAAGCT AGC AAT A 


27 


4 60-bp 

fragment 

of 

promoter 
of PPO 
gene 


CTAGTAATACTGAGATTAGTTACCTGAGACTATTTCCTATCTTCTGTTTTG 
AT T T GAT T T AT T AAGGAAAAT TAT GT T T C AAC GGCCAT GCT T AT C C AT GC A 
TTATTAATGATCAATATATTACTAAATGCTATTACTATAGGTTGCTTATAT 
GTTCTGTAATACTGAATATGATGTATAACTAATACATACATTAAATTCTCT 
AATAAATCTATCAACAGAAGCCTAAGAGATTAACAAATACTACTATTATCC 
AG AC T AAGT TAT TTTTCTGTTT AC T AC AGAT C CT T CC AAGAAC AAAAAC T T 
AATAATTGTATGGCTGCTATACATAATTCCCCACCTACCGCTTCCTGGAAT 
AAT T GAT AT GGAAGC C GCCT CT AAAAT T GAAT AAT T AT ACT GT T T T ACAT A 
T TAT AT AAAGC AAGGT AT AGCC CAAT GAAT T T T CAT T C AAAAGCT AGC AAT 
A 


28 


promoter 
of 

Brassica 

Fad2 

gene 


AT T GAGC T T GAAGGAAC AT T C GAGC AGAT AAAC GAAGC GAGC GC AAT GG T T 
AGAGAGCTGATTGGGAGGCTTAATTCCGCATCTAGGAGACCACCTGGTGGC 
GGTGGTGGCGGGGGTGGGCTTGGTTCTGAAGGGAAACCACATCCAGGAAGC 
AAC T T C AAGAC G AAG AT GT GT GAGAGAT T CT C T AAAG G AAG C T GT ACAT T T 
GGT GAT AGAT GT C ACT T T GC T C ACGGGGAAGC AGAGC T ACGCAGGT C AT GA 
ATTGCGCCTAGAGTTACTGGTGAAACAAGTCTCTTTCATTTGTTGTGGTGA 
TTCCTAATATCATCTTCTCCTACTTGTTTTTAGTTGTCTTCGTTTTTTGAA 
ACT ACAAT GT T T AGT T T T CAT T GT CAGT GT AAGT T T T CCCCAT T T GGT GT T 
T TT T T AGAATCT AGT T T GAAT T T GAGAT GGGGC AAGCT T GAT GAAT GAT T G 
GC AAAAC AGT GGT T AGGAT T T GT GT GCT GT CT CT ACT T AAT AT T T CAT GT T 
TTATCTACTTTATTTTGGTCAGCAAGTTGATGTGTTTCTCTGATGTGTGTG 
T GAT TAT CAGC T T AGAT TAT TTTGT GAGT AT GC T AGAC T GT AT AAC T AAT C 
GT T GT C GAT GT TAT AGT T CT CT T AT AAT GT T T GAT AGACT AT AT AACT AAA 
AAT T CAT GTT ATT AAT AGCC GT C GCT GAT AGT AAC AGCT GAAT AAAT GAAA 
T GAAAT CAT GGT AGGT GAT GAT CT T T AAAGAAT GT T AAAAAT AAT GT GT C G 
T T AT AAGC GGT AAT GC AT AGAAAAAC T C T AAT CAT C T T AACAT AAGAGAG A 
GCGATAGCTTTAATAAAGTACTTAAATTAATTACTAGTCGGCAGTCGCTGC 
CT AC T T GT GT AC C AC C T AAAT T AAT T T AT T AT AAT AT AT GAC GAAT C T C C A 
AAGTACATCACACACACTCGGGGCTATTCACGTGATCTCAACCACAATGTC 
T GC AGAT AT T T T T T T AAGT TTTCTTCT C AC AT GGGAGAAGAAGAAGC CAAG 
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CACG 


29 


441-bp 
fragment 
of Fad2 
promoter 


CCGGCTACCACTAACTTCTACAGTTCTACTTGTGAGTCGGCAAGGACGTTT 
CCTCATATTAAAGTAAAGACATCAAATACCATAATCTTAATGCTAATTAAC 
GT AAC GGAT GAGT T CT AT AACAT AACCC AAACT AGT CT T T GT GAACAT T AG 
GAT TGGGT AAACC AAT AT T T AC AT T T T AAAAACAAAAT AC AAAAAG AAAC G 
T GAT AAAC T T T AT AAAAGC AAT TAT AT GAT C AC GGC AT C T T T T T C AC T T T T 
CCGTAAATATATATAAGTGGTGTAAATATCAGATATTTGGAGTAGAAAAAA 
AAAAAAAG AAAAAAGAAAT AT GAAG AGA G GAAAT AAT G GAGG G G C C C AC T T 
GT AAAAAAGAAAGAAAAGAGAT GT CACT CAAT C GT CT CACAC GGGCCC CCG 
TCAATTTAAACGGCCTGCCTTCTGCCCAATCGC 


30 


seed- 
specific 
promoter 
of napin 
gene 


AAGCTTTCTTCATCGGTGATTGATTCCTTTAAAGACTTATGTTTCTTATCT 
T GCT T CT GAGGCAAGT AT T CAGT T AC CACT TAT AT T CT GGACTT T CT GACT 
GCAT C CT C ATT TT T CCAACAT T T T AAAT T T CACT AT T GGCT GAAT GCT T CT 
T CT T T GAG GAAGAAAC AAT T CAGAT GGC AGAAAT GT AT CAACCAAT GCAT A 
T AT ACAAAT GT ACCT CT T GT T CT CAAAAC AT C TAT C GGAT GGT T CCAT T T G 
CT T T GT CAT CCAAT T AGT GACT ACT T TAT AT TAT T CACT C CT CT T TAT T AC 
T AT T T T CAT GC GAGGT T GC CAT GTACAT T AT AT T T GT AAGGAT T GAC G CT A 
TTGAGCGTTTTTCTTCAATTTTCTTT ATT TT AGA CATGGGTAT GAAAT GGT 
T GTT AGAGT TGGGTT GAAT GAGATATACGTT CAAGT GAAT GGCATACCGTT 
CT CGAGT AAGGAT GACCT ACCC AT T CT T GAGACAAAT GT T ACAT T T T AGT A 
T C AGAGT AAAAT GT GT AC CT AT AAC T C AAAT T C GAT T G ACAT GT AT C CAT T 
CAAC AT AAAATT AAAC CAGCCTGCACCT GCAT CCACATTTCAAGTATTTTC 
AAACCGTTCGGCTCCTATCCACCGGGT GTAACAAGACGGATTCCGAATTTG 
GAAG AT T T T GACT CAAAT T CC C AAT T T AT AT T GACC GT GACT AAAT C AACT 
TTAACTTCTATAATTCTGATTAAGCTCCCAATTTATATTCCCAACGGCACT 
ACCT C CAAAATTTATAGACT CT CAT CCCCT TT T AAACCAACTT AGT AAACG 
TTTTTTTTTTTAATTTTATGAAGTTAAGTTTTTACCTTGTTTTTAAAAAGA 
AT CGT TCATAAGAT GCCAT GCCAGAACATT AGCT ACACGTT ACACAT AGCA 
TGCAGCCGCGGAGAATTGTTTTTCTTCGCCACTTGTCACTCCCTTCAAACA 
CCT AAGAGCTTCTCTCTCACAGCACAC ACAT AC AAT CACATGCGT GCAT GC 
ATT A 
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seed- 
speci f ic 
promoter 
of 

Brassica 
napus 


CT GCAGGT ACAAAGAGGAGCT CT ACT T AGT T TAT GACT T TAT GCC CAGT GG 
AAGCC TT GACAAGT ACCT CTACACCGAAT CAGAT CAAGAAT AT AT GAAGT T 
CAC AAGAAAAAT CT T AGT AT TTGTTTACTCTATCTTTC TAT GT AAAT GT GT 
TTTTGCTTTT CAAAAAAGAGCT T T GAGAAAAAT T AAAGAAGAT AACT T GT C 
T T AACCT AT T TT T GGT T C GGGT T T T GC GGAGAACT T T T GAAAAT AAT GACA 
ACTAGGT GTTTTGCCCTCGATGCGGATTTAAACATTTTCATAATTTTTGAA 
AAGT T CT T T GT ACACT AT AT T CAT TAT AC T AAAAT AAAT CT T AAAAT AAT T 
TAATATTATATTTTAAATTATATAATTAAAAAACAATTATTTGATTAATAT 
TTAATTATATAATTTATGTTTTAACTTTTTACTAAATACTTTTTCAGATAA 
CAAT ACAAT ACAT AT AT AT AGAAAT TATCTTTTTTTT AAAT TAT AT T T T T A 
GAT C T T GGATAAT T T AAT AT TAT AT T T T T AT TAT AT AAT TAAGAAT T T T AT 
T T GAT T AAT AT T T AGT TAT AT AAT T CAT GT T T T AAACT T TAT AT AT AT AAT 
T CAT GT T T T T AACT T T T TACT AAAAT AC T T T T T CAGAT AACAAT ACAAT AT 
AT AC AT AAATT AT CT CT T T T T AAAAT TAT AT T T T CAGAT TT T GGATAAT GC 
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T T AC TAT TAT TAAT T T T AAT CAAT TAT CTAAT CAAAT AAAT TAAAAT T T T G 
T T T T AT AGGAT AT AAACGAT AT T AAT CAT T CT AAT T T T T AACGT GAGAGT T 
CGAT T CC AAAAAT T T ACT T C GCAAAT AAT AGT AT AT AT CT AGCT T AT T AGG 
GCTTTAAAAGGTTTAGGTTTCTTTACGCTTTAATTGTTTTTTTTAACTATA 
ATTGTAAACGTGTTAAACATAACTAATCAGTGTTAAAACTTGCTTTATTTT 
AT T T T T C CAACT T T T AGAT T AAAGCAT AAAGT GT T AC CATAAAAAAGAAGA 
T T AAAGC AT AAAGAGAT AT CAT T T GGT AT AAT AT T TAT GCC AACGT AT AAT 
T T GT T T T T AT CT T T T AT GCAAACGCAT AC ACAT GT GGACT T GAAAGAAACG 
ACAATGAGGACACTTAACACAAACTCCCAAAATGTCACTTAAAGCTATAGT 
T CT GT CAC GGT CT CT CAAT GGAAAAT CGT GGT GCT AT CAAT GAAAAAAC GT 
T GT GCT GAAAC T GGCAGAGCACAAAACT AT AGT CT AAAAAGGAT T GAAT GA 
AGC AAAAAAT GCAAGAAC CAAAGGCACAAC GAT T C T CAC AT T T GAAT GAT A 
T T AGAAAT AT T A GT T T CAT T T GC C AAG T G G AC AC AT C CAC GT G GT AGAG GA 
GCCAT GCCACTTGTCTCTTTCGTGGGTTCTCACGCCCGAGTTACATTTGAA 
AAT T AC AAAAT AAAAGAACAT T T T GT AT AT GT AT T GAC AT T T T T AC C CT T G 
CAT AT ACAT GT GTTTAGATCTAAATT CACAACT AAT CCAT CT CTTAT CATT 
T T T AGT TAACTAAGAGCAT CAAT GT T AAC CAT GAT T CTAAT T T GAAAT T AA 
TTCATGATTTGATATTTTATTATTTTATTTTTATATTTTTTGGTTAAAAAC 
AGACT CTTAT AT CTTTTATTTAAGAGATAGTTCTTAATTTTCTTAATT AAA 
AGT TAA GAAAC GGT T CT T AACCAAAT GT AAAAACCAT AT T GT AAGAGCT CG 
GAT T T AT TAT GAT CT AAGGAACT CACGAGT CAAT T CACCT AAT CAAAT CT A 
AAAT AT AGT AAT T AT AGCT TT AC CGACATGT GAT ACT GCC AAAAAT AAT AA 
ATAATATATAGACACAAGAAGGAT GTGATAGTGAGGAATCTGGAGGGCATT 
T T AGAAC T GAT GCT CGAT T AAAAACAGAAAAT AAT CT T C AAAAT T T TAAT T 
T ACAC GAT AGAT GACGT CAT T T T T CC AT T T GT T T T GT TAAT T AGT TAT T T A 
TTTCCTTCTCTCTCTTTCCTCCGAGTGTAGACTCTTCCCTCAAACCGCTGT 
T T CT CAT AACC AT ATT CTCTTTCTGTGGAC GAAAC TCAACCTTAAGAGACC 
AGAGAGAGCAT T AGCCT AGAGAGAGCT CGCT CGT GT CT GAAAGAACAT CAA 
AC CT C GT AT CAAAAAAAAGAAA 
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promoter 
of 

soybean 

Fadl2 

gene 


C AGAAAAAGGGAAT AGT T T GGAT AAAAT AGAT T T T AGGT CT CT CAAT T CCT 
AGT C AAAAT T AGT CT CAAT CAT TAT GCT T T AAAAAT GAT GAT T T T GAC AC T 
T GGQAGAT AAC AAT AT TT CT T AAAGTT T GAT T C T CAAGT T NGT AT AT AT GA 
AAT AGT GTGTTGGGAGAAGTAAACTCTT AAAAT AAAT TTTT AT ATTTTAGA 
GAT GAT T CT CT CAT T CT T AT GAAGGAGAT AT ACT AGAAAAAAAAT GAT T T T 
TATTTTTTTATTTTT TAT TAT GAAAC T TAAGAAT T AAGAT AC C AGGAT GAG 
GGACAAAAGT CAT TAAT TAT T AAAAAAAAAT AC AAGAAT CAAGAT TAT TAT 
TTTTAAAATATAAAAAAAACTAATTTTGATATATAAAGAAATCCAGGGGAT 
ATAATACACACTCTATCCCAAATATTTGGTTAAACCCCCAGGGGCCCAATG 
T T T CGT CT T T CC T CAACAGT AT AAATT GC T AAT GAT AT TAT T T GT CT T GAA 
T T GGT T C CT GT GGCT AGCAT AT CT CT GCAACT T GT GC AACCAT TT G GT AAT 
T CAAT TAAGAAT AT AT AAT AT ACT TT AAATT TACT AGGAT GCATAAAAAAC 
C CT GT GACT T GT C T GAC CAAGACT T GC CAAAT T T T T T T AT CAT GCAT T ACA 
AAAAC CAGCCAT T T GT T TTTATT TTTT GGAT TTCT AT TCTTTCCAAAT GAA 
GGCCT AACAGAT AAATT GCAT GTCTAATTTCCCCTTGTTATTAGAGAAAT A 
AGAAAT TAT AAG CT T T T GCT T T GACT T T T GAACAT AT T T T AC ACT CT T T GC 
AGGT TGCTTTT TAT CT T G GAAGAC C AGAG GAGT C AAAAT AAC AGT GTCGCG 
GTAAGTAAGT GCT C GACAT T CT GGAAT AGT CT CT TAT T GC GT ATT GT GCCA 
TCATTTTGAGGCCTTGTNGGCTTGCAT CAC C AT TGAAA GAAAT T AGT TTGA 
T GGT T AAAAT GGT AT AC CT T T T GT CT T CAT T AT T AC T C GAAT T ACAT T T AG 
AAAG 
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promoter 
of 

alfalfa 

Comt 

gene 


AAAT GAAAGAGAGT T AAGGAT T GAAAT GAAACT GGT AAAAAAC AGC T T AT T 
T T AAAACAT CT T AT T CAAAAC AACT T AT T T T AT T TAAAACAAT T T AT T T T A 
T T CAAAACAT GTT T T GAAT AAGTT GT T T T T T GAAAAT AAGCT GT T T T GAAT 
AAGCTGTTTTTAAAATAAGGTGTTTTTCATAAAATAAGTTGTTTTTGTTAA 
AATAAGTTGTTTTTTCAAATAAGCTGTTTT GAAT AAGCT GTTTTTTTTTAA 
ATAAGTTGTTTT GAAT AAGCT GTTTTTTTTAAATAAGTTGTTTTTTTAAAT 
AAGCT GT T T T GAAT AAGTT GT T T T AAAAT AAGGT GT T T T GCAT AAAATAAG 
CT GT T T T GAAT AAGT T GT T T T GAAT AAGT T GT T T T GAAT AAGCT GT T T T T T 
T TAAAAAT AAAT T GT T T T CAT AAAAT AAGCT GT T T T T AAAAT AAGGT GT T T 
TGTATAAATAAGCTTTTTAAAATAAGCTATTCAAATAAGTTGTTTTTTTGG 
AAAGAT C C AAC AAAGAGT T CAAGT G GT T T CT T T AAAAT AAAAT AAAAAGT T 
C AAGT GGT T T GGT T C GGT T CAAAC GGT TCGGTTCGGTT CAAGAT GGT T C G G 
T TAT GGT T C AAGAACT GT T AAT AAAT T AAC GGT T CGGT T CGT GAACC AT T A 
TAACGATTCGGTTATTTTTGGTTCGGTTCGGTTCGCGCGGTTCGGTTCGGT 
TCATGGTTCTTTTTGCCCACCCCTAAAGAAAATAAATGAATGGTGGTTGAG 
TATTCTT AAAAT GATTTGTTTTCTAGAAT AAA GAGTT AAT AAGGGGGTCAA 
AAGAGCAAC CAT CT AAGGT AAACT CT CACAT T TAGAGT T GAT GC GGT T AAA 
AT T T G GAT AT AAC ACT T T T GT T GAC C AAAAT GT CT CT T AT GAAT AAGAC T G 
AAAGAAGT AAT AAT T TAAAAAAAAAAAAT CCGGCT GT T GCAT T T T T TAAAA 
CAT T AAT C C GAAGAAAAGAT GT T T GAAAAT T GT T TAT AAT GAGAAGT TAT T 
TT GAGTT TTTTTTCCTTCTAAAAAAAT AAT GTT ATTTTCATT AT GTTTAAC 
ACC CAT AAAACT AC TTCTGTTTTTT T AAA GAAT CT CT AAAAAT C AAT T T C T 
AAAC GT CAAAAGT T T T T T AT ACAAT TAGTTTAGGGTGTTTCTAT GAGGGT T 
TGATAATATTTCTACGACTATATATATTTTTTTTTTAAGGAAATTCTACGA 
CT ACT T GT AGT T GGAAT AT G GGAAT AC GACT AC T T T T C T AT GAAG AGCAGG 
TTACGGT AGACACAAAAGCT GACT CTT GCGCAAAGCT T GTT CAACCCAAT A 
GT GAC AT AT T AGGAAAT GAAAAAT ACC CT AAT GCCT CCT T TT CAAT ACT CA 
AGAAAAGTCCTCCTTACCATATTGTCCCATTTTCTTTAAGAGCAGAGAAGA 
ACACAT T T GT T CACAC C AACAT GAT TTTTGTATGCTT GT AAAT GAAAAGC T 
TCTAGTTATCCAGCTCAACCCGTGACTAAGGTCTATTCAATTTGCTTAGAA 
AT GAGGCAT CAAT TAT GAT GCAAAT T TT T GT ACT CAT TACT CAAT T CAAAA 
ACT AT AT GAACTT GT GGT GT CACGT AAGT GAAT AACACT AT CT AAATT T GA 
GT ACAGT AC TTCTCCTGT CAC GGGGAGAAAAACACT C AAAAT CAAT T GT T A 
GAG AT AA,AT T T T GT AT CAT AAAT T AAT T AAT T T T ACAAT T AC AT CAAT AAA 
T GT CAT T GT T T AAT CAAAT AAT AT AT GACAAAACT T CT T T GAAAAT AT AC T 
GAGCAAAAACAAAACT AT T AAT T GCAT GCAACGGCAACACAT T T CT GT T T A 
CAAT TAT AT T C GGT GAGT ACT CAGT CAGT AT AACC CAAT T ACC ACAT AT G C 
ACGAATTCTCTTAGTGGGTCCACATTGTGGTGGTTGAGTGGGACCCAATTG 
T AAT GGAT GGCC CACAT AC AC CAAACT CAAC CAAAC AAT T T CT C AT AAAGT 
T CT AT AT AAT AGC AAT C C ACT T T GCAT CAT T GAGG 
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4 4 8-bp 
fragment 
of Comt 
promoter 


CAC CAACAT GAT TTTTGTATGCTT GT AAAT GAAAAGCT T CT AGT T AT C C AG 
CT CAAC C C GT GACT AAGGT C T AT T CAAT TTGCTTAGAAAT GAG GCAT CAAT 
TAT GAT GCAAAT T T T T GT AC T CAT TACT CAAT T C AAAAACT AT AT G AAC T T 
AT GGT GT CAC GT AAGT GAAT AAC ACT AT CT AAAT T T GAGT ACT T C T C CT GT 
CACGGGGAGAAAAACACT CAAAAT CAATT GCAT GCAACGGCAACACAT T T C 
TGTTTACAATTATATTCGGTGAGTACT CAGT CAGT AT AACCCAATTACCAC 
AT AT GC AC GAAT T CT CTT AGT GGGT CCACAT T GT GGT GGT T GAGT GGGAC C 
CAAT T GT AAT GGAT GGCCCACAT ACACCAAACT CAAC CAAAC AAT T T C T C A 
T AAAGT T C T AT AT AAT AGCAAT C CACT T T GCAT CAT T GAG 
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promoter 
of 

alfalfa 
Pet gene 


AT AGT GGACCAGT T AGGT AGGT GGAGAAAGAAAT T AT T AAAAAAAT AT AT T 
T AT AT GT T GT CAAAT AAC T CAAAAAT CATAAAAGT T T AAGT T AGCAAGT GT 
GCAC AT TT T T ATT T GGAC AAAAGT AT T CACCT ACT ACT GT TATAAAT CAT T 
ATTAAACATT AGAGTAAAGAAATAT GGAT GAT AAGAATAAGAGT AGT GAT A 
T TT T GACAACAAT T T T GT T AC AACAT T T GAGAAAAT T T T GT T GT T CT CT CT 
T T T CAT TGGT C AAAAAC AAT AGAGAGAGAGAGAGAAAAAGGAAGAG GGAGA 
AT AAAAACAT AAT GT GAGT AT GAGAGAG AAAGT T GT AC AAAAGT T GT AC CA 
AAAT GGTT GT AC AAAT AT CAT T GAGGAAT T T GAC AAAAGCT ACACAAAT AA 
GGGTTAATTGCTGTAAATAAATAAGGATGACGCATTAGAGAGATGTACCAT 
T AGAGAAT T T TT GGCAAGT CAT TAAAAAGAAAGAAT AAAT TAT T T T TAAAA 
TT AAAAGT T GAGT CAT T T GAT TAAACAT GT GAT TAT T T AATGAATT GAT GA 
GAGAGT T GGAT T AAAGT T GT AT T AAT GAT TAGAAT T T GGT GT CAAAT T T AA 
TTTGACATTTGATCTTTTCCTATATATTGCCCCATAGAGTCATTTAACTCA 
T T T T TAT AT T T C AT AGAT CAAAT AAGAGAAAT AAC G GT AT AT T AAT C C C T C 
CAACAAAAAAAAAAAAAAAACGGT AT AT T TACT AAAAAAT CT AAGC CAC GT 
AGGAGGAT AACAT CCAAT CCAACCAAT CAC AAC AAT CCT GAT GAG AT AAC C 
CACTTT AAGC C CAC GCACT CT GT GGCACAT CT ACAT TAT CT AAAT CACACA 
TT CTTCCACACAT CT GAGCCACACAAAAACCAATCCACAT CTT TAT CAT CC 
AT T CT AT AAAAAAT CACACT T T GT GAGT CT AC ACT T T GAT T CCCT T CAAAC 
ACAT ACAAAGAGAAGAGACT AAT T AAT T AAT T AAT CAT CTT GAGAGAAAGC 
C 
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promoter 
of 

alfalfa 
Pal gene 


AGAGAGGAGGCAGT GT ACACAGGGGCAGAGAGAGGT GAGT CGT CT TT CT GG 
TAGGGCT GGT GTT GGGGAT AGT GGT T GGT T T GAGAGT CAGGT GGT GAGGAG 
GGT T GGC GAT GGGGTT GAT ACGT T GT T T T GGT T G GAT AGGT GGT T AGGAGA 
T GCT CCT T T T T GT GT T T GT TT CAGGAGGT T GT T T GAGT T AACAGAGAAC AA 
ATTTGTGTCTGTGGCTAATTTGTTATCTGTTGACTCGGAGCAGTGGGGGGA 
GGT GTT GAGGT GAAGCGT AT GGT GGCAGAGGT GGT GGCAGAGGT GAAGC GT 
AT GGT GGCAGCT GAGGGAGGCAGT GT ACACAGAGGT GG AGAGAGAG GAGAG 
AGAAGAGAGAAGAGAGAGAAAAT GGAGAAGAGAGAAGAGAAGAGAGAGAAG 
ACAAATTTTTGTGTGT GTGACCAAACCAAAATTCTTGGTCCTGGTCCACAC 
AAGAT T T T CT C C CAACC AAGGT ACAAGAAT AC CAC GAT CCAAGAGT GC C AC 
GT T GCAACAT CAT AAC CGT T CAAT AGT AAGAGAT AAT C GAAC G GC CAT AAT 
TAATTTTCAACAAACCCACTTTTTTCCTCCTACTTTTGCAACTTGTCCCTC 
ATCACCTACCAAACACACATAGCACACCAACACACATAATAATATTATAAT 
AAT T GT AAAT AT AT GT AGCCT CC AAAT T AGAAAGAAAC CT CT AT AT AAAGC 
CT AACT AC T T C CT T CAC AAAT CAGGAAAT T CAC AAC T CT AAT AT T CAT T T C 
TT T CCT AAT CAT TAGAAT T T CC AT T CT T AT AAAAT T CT AGGT ACCACCACA 
C AACAAAT AAAGGAACAT T AAT CAAT AC TAT T AAGAT GGAT C 
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promoter 
of 

alfalfa 

Ccomt 

gene 


CTTCTATTAATGATTTAATCAACCTTTTTTAAAATACGAAGGTGACCTTAT 
T T T GCAAAT AAT C CAT GCAT GGAAAT G CAT CAT CC T T T T GAAAAT GG GAT T 
AT CT GAAT T CT T AAGT T AC GT GAAAAT T T AAT ACAT T T CAT T T T AGAT AAA 
T T T AT TAT T AAAATT CACACT T AGAT GGCCT AAAAAT T AACACT T AT T T T T 
AAC AAT T CAAAT AAAAT AT AC GAC GAAAT GAGT GT AAT TT AGT T G GT T AAG 
CAT CGT CAAGCT T GGAGAGAAAGAT CAT AGT T T GAT CT TT GAAAACT AC AC 
T AT T GAAAAGGGT GAAGAT AT C TAAACAT C CAAACAAAAT T T AT T T T GAT A 
GT C GAT T CAAAT TAT C AAAAT T T GT GAAAAT AT T T T GT AAAT T GT T AAGT T 
GGC AAAAAT AT GT T AAT T T T CAAAT T AC CAT T T GCAC AT TT T T CT AAT CT C 
AAAT CAC AT T T AAGGGAT GTT GACT ACT T T AGT T T T GT ACAAAT CTT T AC A 
AT T TT AACAT TT AT AAAAT GT GT T T CGGT AGAT AAAAAGT GT GAGT AT T GT 
TT AT AAGAGAT TGTGTTTTTCTTTTGTT TAAACT TAT AAAAT AAAT AT AT A 
TTTTATTTTATTT T AAT GT GAG AT T GT AAGAAT T CAT TAT AAG AT T AT GT C 
AT T CC CT CAAAAGAAAAT T AGAT GAT GT CAT T T T CAT AACT CAT T T T CT AT 
AAAT ACAGAAAAT CCT CAAAAAT G AAAAAC CT CAGT C AAAAAAT AAAAGAA 
AAACAT CAAT AGT GGACT GGCCCACACT CAT T GCT T T GCTT T AGT AT AAGA 
AAGT AGAC C T CAC C AAC CAC GAAC C G GAC G C C AAC C G GT T C AAC CAAAC AT 
TACACCAATTTTCCTTAACCATACCGGTTTTTCCCTCCCTTATATAACCAT 
CT T CCT ACCT CT TAT CT AAC CAAGCT C CAT T CAACT CTT CAAC ACAT AT CA 
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GAAAC AGAAAAAGAAGCAAAACAT TCCAAGAAT T T AAC A 
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171-bp 
fragment 
of Ccomt 
promoter 


CAT C AAT AGT GGACT GGCCC AC ACT CAT T GCT T T GC T T T AGT AT AAGAAAG 
T A GAC CT C AC CAAC CAC GAAC C G GAC G CC AAC C G GT T C AAC C AAAC AT T AC 
ACCAATTTTCCTTAACCATACCGGTTTTTCCCTCCCTTATATAACCATCTT 
CCTACCT CTTATCTAACC 
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promoter 
of 

tomato 
polygala 
cturonas 
e gene 


AAGCTTCT T AAAAAGGC AAAT T GAT T AAT T T GAAGT C AAAAT AAT TAAT T A 
T AACAAT GGTAAAGCACCTT AAGAAACCAT AGTTT GAAAGGTTACCAAT GC 
GC T AT AT AT T AAT CAACT T GAT AAT AT AAAAAAAAT T T CAAT T C GAAAAGG 
GCCTAAAATATTCTCAAAGTATTCGAAATGGTACAAAACTACCATCCGTCC 
ACCTATTGACTCCAAAATAAAATTATTATCCACCTTTGAGTTTAAAATTGA 
CTACTTATATAACAATTCTAAATTTAAACTATTTTAATACTTTTAAAAATA 
CAT GGC GT T CAAAT AT T TAAT AT AAT T TAAT T T AT GAAT AT CAT T TATA.AA 
C CAACC AACT ACCAACT CAT TAAT CAT T AAAT CCCACCCAAATTCT ACT AT 
C AAAAT T GT CCTAAACACT ACT AAAACAAGACGAAAT T GT T CGAGT CC GAA 
T CGAAGC ACCAAT CT AAT T T AGGT T GAGC C GC AT AT T T AGGAGGAC ACT T T 
CAAT AGT AT T T TT T T CAAGCAT GAAT T T GAAAT T TAA GAT TAAT GGTAAAG 
AAGTAGTACACCCGAATTAATTCATGCQTTTTTTAAATATAATTATATAAA 
TAT T T AT GAT T T GT T T T AAAT AT T AAAACT T GAAT AT AT TAT T T T T AAAAA 
AAT TAT CT ATT AAGTACCAT CACAT AAT T GAGAC GAG GAAT AAT TAAGAT G 
AACATAGTGTTTAATTAGTAATGGATGGGTAGTAAATTTATTTATAAATTA 
TAT CAAT AAGTT AAAT TAT AACAAAT AT T T GAGC GCC AT GT AT T T T AAAAA 
AT AT T AAAT AAGT T T GAAT T T AAAAC C GT T AG AT AAAT G GT CAAT T T T GAA 
CCCAAAAGTGGATGAGAAGGGTATTTTAGAGCCAATAGGGGGATGAGAAGG 
AT AT T T T GAAGC CAAT AT GT GAT GGAT GGAGGAT AAT T T T GT AT CAT T T CT 
AATACTTTAAAGATATTTTAGGTCATTTTCCCTTCTTTAGTTTATAGACTA 

TAGT 
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transfer 
DNA of 
pSIM870 
(Russet 
Boise 
III) 


T GGCAGGATAT AT ACCGGT GT AAAC GAAGT GT GT GT GGT T GAT CC AAAAT C 
TAT CGT ACCTTTAGAAAGT GT AGCT AT GAAGGAT AGT CT CACT T AT GAAGA 
ACT AC CT ATT GAGATT CT T GAT CGT CAGGT CCGAAGGTT GAGAAAAAT AGA 
AGTCGCTTCAGTTACGGCTTTGTGGAGGAGTAAGGGTACCGAACCAT GCAT 
C T CAAT C T TAAT ACT AAAAAAT G CAAC AAAAT T C T A GT G GAG G GAC C A GT A 
C CAGT AC AT T AGAT AT TATCTTTTAT T AC TAT AAT AAT AT T T TAAT T AACA 
CGAGACATAGGAATGT GAAGT GGT AGC GGT AGGAGGGAGTT GGT TCAGTTT 
TTT AGAT AC TAG GAGACA GAAC CGGAGGGGCCCATTGCAAGGCCC AAGTT G 
AAGT CCAGCCGT GAAT CAACAAAGAGAGGGCCCATAATACTGTCGATGAGC 
ATTTCCCTATAATACAGT GTCCACAGTTGCCTTCCGCTAAGGGATAGCCAC 
CCGCTATTCTCTTGACACGT GT CACT GAAACCT GCT ACAAATAAGGCAGGC 
ACCTCCTCATTCTCACACTCACTCACTCACACAGCTCAACAAGTGGTAACT 
TTTACTCATCTCCTCCAATTATTTCTGATTTCATGCATGTTTCCCTACATT 
C TAT TAT GAAT C GT GT TAT GGT GT AT AAAC GT T GT T T CAT AT CT CAT C T C A 
TCTATTCTGATTTTGATTCTCTTGCCTACTGAATTTGACCCTACTGTAATC 
GGTGATAAAT GTGAATGCTTCCTCTTCTTCTTCTTCTTCTCAGAAATCAAT 
TTCTGTTTTGTTTTTGTTCATCTGTAGCTTGGTAGATTCCCCTTTTTGTAG 
AC CAC A CAT CAC GGAT C C C C C AAAC AT AAT T GT AAC T GAT T T AT T C T T GAA 
TAA CAACT T CAAT GAAAT CAAGCAACAAAGC T GAT T T CAACAT GAAAAAAC 
AGAAC AAGAAAACG AAAAC AGAGC AT CAT C CAT CAAAGT GT AAT CT CAGCA 
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GATT 


41 


fragment 
of 

trailer 
of 

phosphor 

ylase 

gene 


GAG G G GG AAG T G AAT G AAAAAT AAC AAAG G C AC AG T AAGT AG TTTCTCTTT 
T T AT CAT GT GAT GAAGGT AT ATAAT GT AT GT G T AAG AG GAT GAT GT T AT T A 
C C AC AT AAT AAG AG AT GAAGAGT CT CAT TTTCTGCTT 
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transfer 
DNA of 
pSIM870 
(Russet 
Boise 
IV) 


TGGCAGGATATATACCGGTGTAAACGAAGTGTGTGTGGTTGATCCAAAATC 
TATCGTACCTTTAGAAAGTGTAGCTATGAAGGATAGTCTCACTTATGAAGA 
ACTACCTATTGAGATTCTTGATCGTCAGGTCCGAAGGTTGAGAAAAATAGA 
AGTCGCTTCAGTTACGGCTTTGTGGAGGAGTAAGGGTACCGAACCATGCAT 
CT CAAT CT T AAT ACT AAAAAAT GCAACAAAAT TCTAGT GGAGGGACCAGTA 
C C AG T AC AT T AGAT AT TAT CT T T T AT T AC TAT AAT AAT AT T T T AAT T AAC A 
CGAGACATAGGAATGTCAAGTGGTAGCGGTAGGAGGGAGTTGGTTCAGTTT 
TTT AGAT ACT AGGAGACAGAACCGGAGGGGCCCATTGCAAGGCCCAAGTTG 
AAGT CCAGCCGTGAATCAACAAAGAGAGGGCCCAT AAT ACTGTCGATGAGC 
ATTTCCCTATAATACAGTGTCCACAGTTGCCTTCCGCTAAGGGATAGCCAC 
CCGCTATTCTCTTGACACGTGTCACTGAAACCTGCTACAAATAAGGCAGGC 
AC C T C C T CAT T CT C ACAC T C AC T C AC T C AC AC AGCT C AAC AAG T G GT AACT 
TTTACTCATCTCCTCCAATTATTTCTGATTTCATGCATGTTTCCCTACATT 
CT AT TAT GAAT CGT G TT AT GGT GT AT AAACGT T GT T T CAT AT C T CAT CT C A 
TCTATTCTGATTTTGATTCTCTTGCCTACTGAATTTGACCCTACTGTAATC 
GGTGATAAATGTGAATGCTTCCTCTTCTTCTTCTTCTTCTCAGAAAT CAAT 
TTCTGTTTTGTTTTTGTTCATCTGTAGCTTGGTAGATTCCCCTTTTTGTAG 
ACCACACAT CACGGATCCCCCAAACATAATTGTAACTGATTTATTCTTGAA 
T AAC AAC T T CAAT GAAAT CAAGC AACAAAGCT GAT T T CAACAT GAAAAAAC 
AGAAC AAG AAAACG AAAACAGAGCAT CAT C CAT CAAAGT GT AAT CT CAGCA 
GATTCAATAGAGACTAACTCGAGGTGCTCTCTATGCAAATCTAGCTTTTCG 
AAT GAGAGT GAT AAG AGAGT GAGGAT T GT GAAT T AT T T T AT T GAT GAAGAT 
T GGAGAAGT CAAT T ATT GAT T C ACACACAGGAAT T AAGT GT GT T GT GT T GC 
GTCCTCTTGTGGAAATTAAATGTCACCCTTTTTTTATTTATCAATAAAAGC 
ACGAAAATCTCCTGCACTACTCCCCTGCACTCTCTTATATTTGTCCATTTC 
CCACAAATCCCTAACTTAATTACTTACCCACACTCAAGCTTAAGCAGAAAA 
T GAGACT CT T CAT CT CT TAT T AT GT GGT AAT AACAT C AT CCT C T T ACACAT 
ACATTATATACCTTCATCACATGATAAAAAGAGAAACTACTTACTGTGCCT 
TTGTTATTTTTCATTCACTTCCCCCTCCCGCGGGTTAAATTCATGATTTTA 
T GAAC T CAAT AGCT TTT CAT AAT GAGCAATAT TAT C T T T CT T CAGTAGCAA 
ATCCACATGCTCTTATGCTCGCTGAAATAGTTTTGGCCGTGGAGTTTCACC 
AT.CTATGTTTACAATTGATTCTTGTAGCTGCAGGAGGGGGAAGTGAATGAA 
AAAT AAC AAAGGCACAGT AAGT AGT T TCTCTTTT TAT C AT GT GAT GAAG GT 
AT AT AAT G T AT GT GT AAGAGGAT GAT GT T AT T AC CACATAATAAGAGAT GA 
AGAGT CT CAT T T T C T GCT T AAGCT T GAGT GT GGGT AAGT AAT T AAGT T AGG 
GAT T T GT GGGAAAT GGACAAAT AT AAGAGAGT G CAG GGGAGT AGT GC AGGA 
GAT T T T CGT GCT T T TAT T GAT AAAT AAAAAAAGGGT GACAT T T AAT T T CCA 
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CAAGAGGACGCAACACAACACACTTAATTCCTGTGTGTGAATCAATAATTG 
AC T T C T C CAAT CT T CAT C AAT AAAAT AAT T C AC AAT C CT C AC T C T C T TAT C 
ACTCTCATT CGAAAAGCT AGAT T TGCATAGAGAGCACCT CGAGT T AGT CT C 
TATTGAATCTGCTGAGATTACACTTTGATGGATGATGCTCTGTTTTCGTTT 
TCTTGTTCTGTTTTTTCATGTTGAAATCAGCTTTGTTGCTTGATTTCATTG 
AAGT T GT TAT T CAAGAAT AAAT CAGT T AC AAT TAT GT T T GGGT CT AGAGT G 
AT GT GT GGT CT ACAAAAAGGGGAAT CT ACCAAGCT AC AGAT GAAC AAAAAC 
AAAAC AG AAAT T GAT T T C T GAG AAG AAG AAG AAGAAG AG GAAGC AT T C AC A 
TT T AT C ACCGAT T AC AGT AGGGT CAAAT T C AGT AGGC AAGAGAAT C AAAAT 
CAGAAT AGAT GAGAT GAGAT AT GAAAC AACGT T T AT ACACC AT AAC AC GAT 
T C AT AAT AGAAT GT AGGGAAAC AT GCAT GAAAT C AGAAAT AAT T GGAG GAG 
AT GAGT AAAAGT T ACC ACT T GT T GAGCT GT GT GAGT C?AGT GAGT GT GAGAA 
T GAGGAGGT GC CT GCCT T AT T T GT AGC AG GT T T CAGT GACACGT GT CAAGA 
GAATAGCGGGTGGCTATCCCTTAGCGGAAGGCAACTGTGGACACTGTATTA 
TAGGGAAATGCTCATCGACAGTATTATGGGCCCTCTCTTTGTTGATTCACG 
GCTGGACTTCAACTTGGGCCTTGCAATGGGCCCCTCCGGTTCTGTCTCCTA 
GTATCTAAAAAACTGAACCAACTCCCTCCTACCGCTACCACTTGACATTCC 
TATGTCTCGTGT TAAT T AAAAT AT TAT TAT AGT AAT AAAAG AT AAT AT C T A 
AT GT AC T GGT ACT GGT CCCT CC ACT AGAAT T T T GT T GCAT T T T T T AGT AT T 
AAGATTGAGATGCATGGTTCGAGCTCCCGCAGTGTGCCAGGGCTGTCGGCA 
GATGGACATAAATGGCACACCGCTCGGCTCGTGGAAAGAGTATGGTCAGTT 
T CAT T GAT AAGT AT T T ACT CGT AT T CGGT GT T T AC AT CAAGT TAAT AT GT T 
CAAAC ACAT GT GAT AT CAT ACAT C CAT T AGT TAAGTATAAAT GC C AAC T T T 
TTACTTGAATCGCCGAATAAATTTACTTACGTCCAATATTTAGTTTTGTGT 
GT CAAACAT AT CAT GCACT AT TTGAT T AAGAAT AAAT AAACGAT GT GTAAT 
T T G AAAAC C AAT TAG AAAAG AAG TAT G AC GGG AT T GAT GT T C T G T GAAAT C 
AC T GGT AAAT T GGACGGACGAT GAAAT T T GAT CGT C CAT T T AAG CAT AGC A 
ACAT GG GT CT T T AGT CAT CAT CAT T AT GT TAT AAT TATTTTCTT GAAAC T T 
GAT AC ACCAACT T T CAT T GGGAAAGT GACAGCAT AGT AT AAACT AT AAT AT 
CAATTCTGGCAATTTCGAATTATTCCAAATCTCTTTTGTCATTTCATTTCC 
TCCCCTATGTCTGC7VAGTACCAATTATTTAAGTACAAAAAATCTTGATTAA 
AC AAT T TAT T T T CT CACT AAT AAT CACAT T TAAT CAT C AAC GGT T CAT AC A 
CGTCTGTCACTCTTTTTTTATTCTCTCAAGCGCATGTGATCATACCAAT TA 
T T T AAAT AC AAAAAAT C T T GAT TAAACAAT T C AG T T T C T CACT AAT AAT C A 
CAT T TAAT CAT CAACGGTTCATACACATCCGT CACT CTTTTTTT ATT CTCT 
C AAGC GC AT GT GAT CAT AC CAAT TAT T TAAATACAAAAAAT CT T GAT T AAA 
CAAT T CAT T T T C T CAC TAAT AAT CACAT T TAAT CAT CAAC GGT T TAT AC AC 
GTCCGCCACTCTTTTTTTATTCTCTCAAGCGTATGTGATCATATCTAACTC 
T CGT GC AAACAAGT GAAAT GAC GT T CACT AAT AAAT AAT CT T T T G AAT ACT 
T T GT T CAGT T TAAT T TAT T TAAT T T GAT AAGAAT T T T T T TAT TAT T GAAT T 
T T TAT T GT T T T AAAT T AAAAAT AAGT T AAAT AT AT CAAAATAT C T T T TAAT 
T T TAT T T T T G AAAAAT AACGT AGT T C AAA CAAAT T AAAAT T GAGT AAC T GT 
T T T T C G AAAAAT AAT GAT T C TAAT AGT AT AT T C T T T T T CAT CAT T AGAT AT 
TTTTT TT AAGCT AAGT ACAAAAGT CAT ATTTCAATCCCCAAAATAGCCTCA 
AT CACAAGAAAT GCT T AAAT CC CC AAAAT ACC CT CAAT CAC AAG AC GT GT G 
TACCAAT CATACCTATGGTCCTCTCGTAAATTCCGACAAAATCAGGTCTAT 
AAAGTTACCCTTGATATCAGTATTATAAAACTAAAAATCTCAGCTGTAATT 
CAAGT GCAAT CACACT CTACCACACACT CT CT AGT AGAGAGAT CAGT T GAT 
AACAAGCTTGTTAACGGATCCAAAATTCT TAT GTTAAC CAAAT AAATT GAG 
ACAAAT TAAT T CAGT T AAC C AGAGT TAAGAGTAAAGT ACT AT T GCAAGAAA 
ATATCAAAGGCAAAAGAAAAGATCAT GAAAG AAAAT AT CAAAGAAAAAGAA 
GAGGT TACAAT C AAACT C CCATAAAACT CC AAAAAT AAACAT T CAAAT T GC 
AAAAACATCCAATCAAATTGCTCTACTTCACGGGGCCCACGCCGGCTGCAT 
CT CAAAC T T T C C CAC GT GAC AT C C CAT AACAAAT CAC CA CC GT AAC C C T T C 
T CAAAACT C GACAC C T CAC TCTTTTTCT CT AT AT TACAAT AAAAAAT AT AC 
GTGTCCCCGCGGGTTAAATTCATGATTTTATGAACTCAATAGCTTTTCATA 
AT GAGC AAT AT TAT CTTTCTTCAGTAGCAAATCCACATGCTCTTATGCTCG 
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C T GAAAT AGT T TT GGCC GT GGAGT T T C AC CAT CT AT GT TT ACAAT T GAT T C 
T TGT AGCT GCAGGGACACGT AT AT T T T T T AT T GT AAT ATAGAGAAAAAGAG 
T GAGGTGT CGAGT TT TGAGAAGGGTT ACGGT GGT GAT TTGTT AT GGGAT GT 
CACGTGGGAAAGTTTGAGATGCAGCCGGCGTGGGCCCCGTGAAGTAGAGCA 
ATTTGATTGGATGTTTTTGCAATTTGAATGTTTATTTTTGGAGTTTTATGG 
GAGTTTGATTGTAACCTCTTCTTTTTCTTTGATATTTTCTTTCATGATCTT 
TTCTTTTGCCTTTGATATTTTCTTGCAATAGTACTTTACTCTTAACTCTGG 
T T AACT GAAT T AAT T T GT CT C AAT T T AT T T GGT TAAC AT AAGAAT T T T T CT 
AGAGT GAT GT GT GGT CT AC AAAAAGGGG AAT CT ACC AAGCT AC AGAT GAAC 
AAAAAC AAAAC AGAAAT T GAT T T C T GAG AAG AAGAAGAAGAAG AG GAAG C A 
T T C ACAT T TAT CACCGAT T ACAGT AGGG T CAAAT T CAG T AGGC AAGAG AAT 
C AAAAT C AGAAT AGAT GAGAT GAGAT AT GAAACAACGT T T AT ACAC CAT AA 
C AC GAT T CAT AAT AGAAT GT AGGGAAACAT GCAT GAAAT CAGAAAT AAT T G 
G AGGAGAT GAGT AAAAGT T AC CAC T T GT T GAGC T GT GT GAGT GAGT GAG T G 
TGAGAATGAGGAGGTGCCTGCCTTATTTGTAGCAGGTTTCAGTGACACGTG 
TCAAGAGAATAGCGGGTGGCTATCCCTTAGCGGAAGGCAACTGTGGACACT 
GT AT T AT AGGGAAAT GC T CAT C GAC AGT AT TATGGGCCCTCTCTTTGTTGA 
TTCACGGCTGGACTTCAACTTGGGCCTTGCAATGGGCCCCTCCGGTTCTGT 
CTCCTAGTATCTAAAAAACTGAACCAACTCCCTCCTACCGCTACCACTTGA 
CATTCCTATGTCTCGTGTTAATTAAAATATTATTATAGTAATAAAAGATAA 
T AT CT AAT GT ACT GGT ACT GGT CC CT CC ACT AGAAT T T T GT T GCAT T T T T T 
AGT AT TAAGATT GAGAT GCAT GGT TCGAGCTCCTTCAACATGTT AT AAACT 
T CACAT AT T CAGT T GGGAAT AGGC T T TAT AAT GAGT T GGACT AC GT T AT GT 
CCCCCTCAAGTCCCAGAATTATGTGCCCCCGTATGTTATAAGTCCCCTCTG 
CGGGCATCAATTTAGTGATCACGCCAGACAT GCCTCTATACCTCGGCCAGG 
AT AT AT TTGTT GGT AAT G 


43 


Rl 

intron 


GTAAATTTCTAGTGATTATACTGTACATTTCGCATAATTTAGGATCGTATT 
TGATATGTTTTACGCTTGATTGATCGAGAACTTAAAGCTTTTCTGATCTGA 
AATTTGTTTTTTGGCATACTCGAGTTGAGATCCTGGTTAAATCAGTGTTAT 
TTCGATTGAATTTTAGCAAAATTTGGTGTTGATTTTCAGTATTTTCATGGT 
T T AAT GT AT AT AAAC AAGC T T AAT T T T T CAAAT T C AAGCT CGTT TAAC C T T 
T T AATT ACAGCAT AT T T C T GGAAAAAAGT T T GGT GAT T T CT CT AGAT GT T T 
T AT T CGAGAAAAAAACAAAAACGAAAAAAGGGGAAAT GCT GT T CT GT AT GT 
AC AAAAAGT GAT T GAT CAGCT T T T GGT C AC CGACAT ACATT T GAT T AGT AC 
AT ACAC GAGT CAT ACGAGT AT AT T T CCGT GT GCACT T TAT TGT T T T GAAGG 
AATTCTGGATTTGGTTGATTCCTTTTTAAAACTTCTAAGTTTTTTTTGTTA 
CAT T T T AC T C T AAT T AAG TCTTCTCTGT G AACT G AC AAAT AC T CAC C AGG C 
ACACATTACAACCTTCATTTGATTATCCGCGAACGATCCATTGCTTTTGTG 
TAT ATT GCT T TT GT AT T GACT GAT T T T GT AT TGT AT T AGCAG 


44 


potato 
border 
St02 


CAT TACCAACAAATATATCCT GGCC 


45 


tomato 
border 
LeOl 


CAT T AC CAAC AAAT AT AT C CT G GC C 


46 


tomato 
border 


CTCTACCTCTGAATATATCCTGCGG 


47 


pepper 
border 
CaOl 


CATTACCAACAAATATATCCTGGCC 


48 


alfalfa 
border 
Ms 01 


GTATACCTCTGTATACATCCTGCCG 


49 


barley 
border 
HvOl 


ATATACCAAATGATACATCCTGCCC 
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rice 

border 

OsOl 


ACTTACTCAAGGATATATCCTGGCT 
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300-bp 
central 
fragment 
of PI 
promoter 


GCCT CAACAAGGT CAGGGT ACAGAGT CTCCAAACCAT T AGCCAAAAGCT AC 
AG GAGAT CAAT GAAGAAT CTT CAAT CAAAGT AAACTAC T GT T C CAGCACAT 
GC AT CAT G GT CAGTAAGT T T CAGAAAAAGAC AT CCAC C GAAGACT T AAAGT 
TAGTGGGCATCTTTGAAAGTAATCTTGTCAACATCGAGCAGCTGGCTTGTG 
GGGACCAGACAAAAAAGGAATGGTGCAGAATTGTTAGGCGCACCTACCAAA 
AG CAT CTTTGCCTT TAT T GCAAAG AT AAAGC AG AT T C C T C TAGTA 


52 


Comt 
gene 

fragment 


AAT GC C C C CAT CAAGGACT GCAT C T T T T AGGT G GT AC C AG CT T T C CAT GAG 
CACTTTAT CCT GAT T CAT GAGAT TAAGAG CAGAAAT G GAT ACAC CAT CT T C 
AT T CT T AAC C AAAT ACT T AG CAACAGTAGC CAAAC CAT AAAGT C T C T G AAC 
C T T T C CAT C T T GT T GAGT AC GAAC T GAACAAGT GAGGAT AT T GTAACAAGC 
CAAGAGACGCAACATTCGGTCCAACATAACT GGT GCAT CAGGGT TAGTTGT 
T GGTAGCT GAGAAGCAAT TT CAAT AGGT GAAAT T T GAGCACCAGGT CCA 


53 


Comt 
gene 

fragment 


AAT GCC C C CAT CAAGGACT GCAT CT T T T AGG T GGT ACQ AGCT T T CCAT GAG 
C AC T T TAT CCT GAT T CAT GAGAT T AAG AQC AGAAAT GGAT ACAC CAT C T T C 
ATTCTTAACCAAATACTTAGCAACAGTAGCCAAACCATAAAGTCTCTGAAC 
CT TT CCAT CT TGTTGAGT ACGAACT GAACAAGT GAGGAT ATT GTAACAAGC 
C AAGAGAC GC AACAT T CGGT CC AAC AT AACT GGT GCAT CAGGGT T AGT T GT 
T GGT AGC T GAGAAGCAAT T T CAAT AGGT GAAAT T T GAGC ACC AG GT CCAGA 
AT T CAAT CT CACAAAAACCT CAT CAAT CAC AAC CAT GGGT T CAACAGGT GA 
AAC T C AAAT AAC AC C AAC C C AC AT AT C AG AT G AAG AAG CAAAC CTCTTCGC 
CATGCAACTAGCAAGTGCTTCAGTTCTTCCCATGATTTTGAAATCAGCTCT 
TGAACTTGATCTCTTAGAAAT CAT TGCT AAAGC 


54 


Alfalfa 
promoter 


GGGCCCATAGTGGACCAGTTAGGTAGGTGGAGAAAGAAATTATTAAAAAAA 
TAT AT T TAT AT GT T GT CAAAT AACT C AAAAAT C AT AAAAGTT T AAG TT AGC 
AAGT GT GC AC AT T T T TAT T T GGAC AAAAGT AT T CACCT ACT ACT GT T AT AA 
AT CAT TAT T AAAC AT T AGAGT AAAG AAAT AT G GAT GATAAGAATAAGAG T A 
GT GAT AT T T T GACAAC AAT T T T GT T ACAACAT T T GAG AAAAT T T TGT T GT T 
CTCTCTTTT CAT T GGT C AAAAAC AAT AGAGAG AG AG AG AGAAAAA GG AAGA 
GGGAGAAT AAAAACAT AAT GTGAGT AT GAGAG AGAAAGT T GT AC AAAAGT T 
GTACCAAAATGGTTGTACAAATATCATTGAGGAATTTGACAAAAGCTACAC 
AAAT AAGGG TT AAT T GCT GT AAAT AAAT AAGGAT GACGC AT T AGAGAGAT G 
T AC CAT T AGAGAAT T T T T GGCAAG T CAT TAAAAAGAAAG AAT AAAT T AT T T 
T T AAAAT T AAAAGT T GAGT CAT T T GAT T AAAC AT GT GAT T AT T T AAT G AAT 
T GAT G AG AG AQT T GGAT T AAAGT T GT AT T AAT GAT TAGAAT T T GGT GT CAA 
AT T T AAT T T GACAT T T GAT CT T T T C CT AT AT AT TGCC CCATAGAGT CAT T T 
AAC T CAT T T TT AT ATT T C AT AGAT C AAAT AAG AGAAAT AACGGT AT AT T AA 
T CCCT CCAACAAAAAAAAAAAAAAAACGGTAT ATT TACT AAAAAAT CTAAG 
C CAC G TAG GAG GAT AAC AT C CAAT C C AACC AAT CAC AAC AAT CCT GAT GAG 
ATAACCCACTTTAAGCCCACGCACTCTGTGGCACATCTACATTATCTAAAT 
CAC AC AT T C T T CCAC AC AT CT GAG C CAC AC AAAAAC CAAT C CAC AT CTT T A 
TCATCCATTCTATAAAAAATCACACTTTGTGAGTCTACACTTTGATTCCCT 
T C AAAC AC AT ACAAAGAGAAGAGACT AAT T AAT T AAT T AATC AT CT T GAGA 
GAAAGCC 


55 


Alfalfa 
promoter 


AGAGAGGAGGCAGT GT ACACAGGGGC AGAGAGAGGT GAGT CGT CT T T CT GG 
T AGGGCT GGT GT T GGGGAT AGT GGT T GGT T T GAGAGT CAGGT GGT GAGGAG 
GGTTGGCGATGGGGTTGATACGTTGTTTTGGTTGGATAGGTGGTTAGGAGA 
TGCTCCTTTTTGTGTTTGTTTCAGGAGGTTGTTTGAGTTAACAGAGAACAA 
ATTTGTGTCTGTGGCTAATTTGTTATCTGTTGACTCGGAGCAGTGGGGGGA 
GGTGTTGAGGTGAAGCGTATGGTGGCAGAGGTGGTGGCAGAGGTGAAGCGT 
AT G GT GGC AGCT GAGGGAGGCAGT GT ACAC AGAGGT GG AGAGAGAGGAGAG 
AGAAGAGAGAAGAGAGAGAAAATGGAGAAGAGAGAAGAGAAGAGAGAGAAG 
AC AAAT T T T T GT GT GT GT GAC CAAAC C AAAAT TCTTGGTCCTGGTC CAC AC 
AA GAT T T T C T CC C AAC C AAGGT AC AAGAAT AC CAC GAT C C AAG AGT G C CAC 
G T T GC AACAT C AT AACCGT T CAAT AGT AAGAGAT AAT C GAAC GG CCAT AAT 
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T7VATTTTCAACAAACCCACTTTTTTCCTCCTACTTTTGCAACTTGTCCCTC 
ATCACCTACCAAACACACATAGCACACCAACACACATAATAATATTATAAT 
AATTGTAAATATATGTAGCCTCCAAATTAGAAAGAAACCTCTATATAAAGC 
CT AACT AC T T CCT T C AC AAAT CAGGAAAT T C AC AACT C T AAT AT T CAT T T C 
TTTCCTAATCATTAGAATTTCCATTCTTATAAAATTCTAGGTACCACCACA 
CAAC AAAT AAAGGAAC AT T AAT CAAT ACT AT T AAGAT 


56 


Alfalfa 
DNA 

fragment 
that 

function 
s as 

alternat 
ive to 
the 

Agrobact 
erium 
left 
border 


CGGC AG GAT GT AT AC AGAGGT AT AC AAT T T TAT AT T AC AT TT AT AT T T GT G 
TTAATT CAT TGAATTTTCACTTTTATTTTT TACT TT GAT AATCAACTGTGT 
AAAGAATT AT T T GAAAAAT AT AT AT AAT T T AT AGAAT TTTTTTTT GT TAT G 


57 


Alfalfa 
DNA 

fragment 
thatvf un 
ctions 
as 

alternat 
ive to 
the 

Agrobact 
erium 
right 
border 


CTAGATTATGCGGGCTAACGGGCTGCCCGCGGCCCTTTCGGGCTAGCCCTA 
ACGGGTACCGGGCCCCGGCAGGATGTATACAGAGGTATAC 


58 


Entire 
trans f er 
DNA of 
pSIM856 


CGG C AGGAT GT AT ACAGAGGT AT AC AAT T T TAT AT T AC AT T TAT AT T T GT G 
TTAATTCATTGAATTTTCACTTTTATTTTTTACTTTGATAATCAACTGTGT 
AAAGAAT T AT T T GAAAAAT AT AT AT AAT T TATAGAAT TTTTTTTTGTTATG 
G G G C C CAT AG T GGAC C AG T T AG G T AG GT G G AG AAAG AAAT TAT T AAAAAAA 
TAT AT T T AT AT GT T GT C AAAT AAC T CAAAAAT C AT AAAAGT T TAAGTTAGC 
AAGT GT GCAC AT TT T TAT T T GGACAAAAGT AT T C ACCT ACT ACT GT T AT AA 
AT CAT TAT TAAACAT TAGAGT AAAG AAAT AT G GAT GAT AAGAAT AAGAG T A 
GT GAT AT T T T GACAACAAT T T T GT T AC AACAT T T GAGAAAAT TTTGTTGTT 
CTCTCTTTT CAT TGGT C AAAAAC AAT AGAG AGAG AGAG AG AAAAAG G AAG A 
GGG AGAAT AAAAAC AT AAT GT GAGT AT GAGAGAGAAAGT T GT AC AAAAGT T 
GT ACC AAAAT GGTT GT ACAAAT AT CAT T GAGGAAT T T GAC AAAAGCT ACAC 
AAAT AAGGGT T AAT TGCTGT AAAT AAAT AAG GAT G AC GC AT TAGAGAGATG 
T AC CAT T AGAGAAT T T T T GGC AAGT CAT T AAAAAGAAAGAATAAAT TAT T T 
T T AAAAT T AAAAGT T GAGT CAT T T GAT TAAACAT GT GAT T AT T T AAT GAAT 
T GAT GAGAGAGT TGGAT TAAAGT T GT AT T AAT GAT T AGAAT T T GG T GT C AA 
AT T T AAT T T GACAT T T GAT CT T T T CCT AT AT AT T GCCC C AT AGAGT CAT T T 
AAC T CAT T T T TAT AT T T CAT AGAT C AAAT AAGAG AAAT AACG GT AT AT T AA 
TCCCTCCAACAAAAiVVAAAAAAAAAACGGTATATTTACTAAAAAATCTAAG 
C C AC GT AG G AGGAT AAC AT C CAAT C CAAC CAAT C AC AAC AAT CCT GAT GAG 
ATAACCCACTTTAAGCCCACGCACTCTGTGGCACATCTACATTATCTAAAT 
C AC ACAT T CT T CCAC ACAT CT GAGCC ACAC AAAAAC CAAT CC AC AT CT T T A 
T CAT C CAT T C T AT AAAAAAT C AC AC T T T G T GAG T CT AC AC T T T GAT T C C C T 
T CAAAC ACAT AC AAAGAGAAGAGACT AAT T AAT T AAT T AAT CAT C T T GAGA 
GAAAGCCCTGCAGAATGCCCCCATCAAGGACTGCATCTTTTAGGTGGTACC 
AGC T T T C CAT GAGC AC T T TAT CCT GAT T CAT GAGAT T AAGAG CAGAAAT GG 
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AT AC ACC AT C T T CATT CT T AAC CAAAT ACT T AG CAACAGT AGCC AAAC CAT 

AAAGTCTCTGAACCTTTCCATCTTGTTGAGTACGAACTGAACAAGTGAGGA 

TATTGTAACAAGCCAAGAGACGCAACATTCGGTCCAACATAACTGGTGCAT 

CAGGGTTAGTTGTTGGTAGCTGAGAAGCAATTTCAATAGGTGAAATTTGAG 

CACCAGGTCCAGCTTTAGCAATGATTTCTAAGAGATCAAGTTCAAGAGCTG 

AT T T CAAAAT C AT GGGAAGAACT G AAGC ACT T GCT AGT T GCAT GGC GAAGA 

GGTTTQCTTCTTCATCTGATATGTGGGTTGGTGTTATTTGAGTTTCACCTG 

T T GAAQCCAT GGT T GT GAT T GAT GAGGT T T T T GT GAGAT T GAATT CT GGAC 

CTGGTGCTCAAATTTCACCTATTGAAATTGCTTCTCAGCTACCAACAACTA 

ACCCTGATGCACCAGTTATGTTGGACCGAATGTTGCGTCTCTTGGCTTGTT 

ACAATAT CCTCACTTGTT CAGTT CGTACT CAACAAGAT GGAAAGGTT CAGA 

GACTTTATGGTTTGGCTACTGTTGCTAAGTATTTGGTTAAGAATGAAGATG 

GTGTATCCATTTCTGCTCTTAATCTCATGAATCAGGATAAAGTGCTCATGG 

AAAGCTGGTACCACCTAAAAGATGCAGTCCTTGATGGGGGCATTGGATCCA 

TCTTAATAGTATTGATTAATGTTCCTTTATTTGTTGTGTGGTGGTACCTAG 

AAT T T T AT AAGAAT GGAAAT T CT AAT GAT T AGGAAAG AAAT G AAT AT T AGA 

GTTGTGAATTTCCTGATTTGTGAAGGAAGTAGTTAGGCTTTATATAGAGGT 

T T CT T T CT AAT T T GGAGGCT ACAT AT AT T T AC AAT TAT TAT AAT AT TAT T A 

T GT GT GT T GGT GT GCT AT GT GT G T T T GGT AGGT GAT GAGGGAC AAGT T GC A 

AAAGT AGGAGGAAAAAAGT GGGT T T GT T GAAAAT T AAT TAT GGCCGT T C GA 

TTATCTCTTACTATTGAACGGTTATGATGTTGCAACGTGGCACTCTTGGAT 

CGTGGTATTCTTGTACCTTGGTTGGGAGAAAATCTTGTGTGGACCAGGACC 

AAGAATTTTGGTTTGGTCACACACACAAAAATTTGTCTTCTCTCTCTTCTC 

TTCTCTCTTCTCCATTTTCTCTCTCTTCTCTCTTCTCTCTCCTCTCTCTCC 

ACCTCTGTGTACACTGCCTCCCTCAGCTGCCACCATACGCTTCACCTCTGC 

CACCACCTCTGCCACCATACGCTTCACCTCAACACCTCCCCCCACTGCTCC 

GAGT CAACAGAT AAC AAAT TAGC C ACAG AC AC AAAT TTGTTCTCTGT T AAC 

TCAAACAACCTCCTGAAACAAACACAAAAAGGAGCATCTCCTAACCACCTA 

TCCAACCAAAACAACGTATCAACCCCATCGCCAACCCTCCTCACCACCTGA 

CTCTCAAACCAACCACTATCCCCAACACCAGCCCTACCAG7VAAGACGACTC 

ACCTCTCTCTGCCCCTGTGTACACTGCCTCCTCTCTCTAGATTATGCGGGC 

TAACGGGCTGCCCGCGGCCCTTTCGGGCTAGCCCTAACGGGTACCGGQCCC 

CGGQAGGATGTATACAGAQGTATAC 


59 


COMT 

promoter 

from 

maize 


TTCCACGGCAGCTGCCACCGTCGCTATCGCTGACCAACCCGGCTGGTCGCC 
T CT GT GCT CCAT CC AT GCAT GT T AC AACTAT GCAGAT GCAGCCGAAACAAA 
CACTGGCTAGAAAGGCAGCCCAACGGGCCTACTGTCATTCGCTCCGGCATC 
CTACTGGTGGGCCCACTTGCACCGGCCGATGACCAGTTCATCATTTTTCTC 
GACGAATTTGTGCACAGAATTTGCTAAAAATTCTTCGCACGTGGCAAAACC 
A G GG GG AAAAT C GAC AAC T AGT CGGGGTTTTTT T AAT T C C CT GAT AG AAT A 
GTCCCTGCTAATCATCCATGAAAACCAAACACGTACTCTACGTCACCGTCA 
T GGAT GGAGC GAGT GAAC T GAT GAT TTTTTCCC CAT C C C GC AC GCAACAGC 
AT GGGT GAC AAC AACC AC T C C C G CT GC GGT T GGGC GAG C AC AT C T C T AC GC 
ACTTGACACTCACGCAAACCTAACGCATACTAGAGTAATCATCGCCACCAA 
CTATCGGCGACAGAAACGATGGGCCCCGCTTCTCTTAATCACGGTGCTTGA 
ATTAGTGCGCGCATAGTAGTGAAAAATAATAGTGAAAAATAAGCAGTGCGT 
GTTTTGGTGTGGTGGTTGGTGAGCCGTCCGCCCCAATAAAAACCCCTCGCA 
CCACCTCGTCCCT 
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WHAT IS CLAIMED IS: 

1 . A construct, comprising an expression cassette which comprises (i) a 
first promoter operably linked to a first polynucleotide and (ii) a second promoter 
operably linked to a second polynucleotide, wherein (a) neither the first nor the 
second polynucleotide is operably linked to a terminator, (b) at least part of the 
second polynucleotide is substantially identical in nucleotide sequence to at least part 
of the sequence of the first polynucleotide but is positioned within the cassette in a 
different orientation to the first polynucleotide, and (c) the direction of transcription 
initiated from the first promoter is toward the second promoter and the direction of 
transcription initiated from the second promoter is toward the first promoter. 

2. The construct of claim 1, wherein at least part of the second 
polynucleotide is oriented as perfect or imperfect an inverse complement copy of at 
least part of the first polynucleotide. 

3. The construct of claim 1, wherein neither the first nor the second 
polynucleotide is operably linked to (i) a nos gene terminator, (ii) the 3' untranslated 
sequence of T-DNA gene 7, (iii) the 3' untranslated sequences of the major inclusion 
body protein gene of cauliflower mosaic virus, (iv) the 3' untranslated sequences of 
the pea ribulose 1,5-bisphosphate carboxylase small subunit, (v) the 3 ? untranslated 
sequences of the potato ubiquitin-3 gene, or (vi) the 3' untranslated sequences of the 
potato proteinase inhibitor II gene, (vii) the 3' untranslated sequences of opine genes, 
(viii) the 3' untranslated sequences of endogenous genes. 

4. The construct of claim 1, wherein the first polynucleotide comprises a 
sequence that shares sequence identity with a target gene or at least one of a 
regulatory element that is associated with the target gene, an exon of the target gene, 
an intron of the target gene, the 5 3 -untranslated region of the target gene, or the 3'- 
untranslated region of the target gene. 

5. The construct of claim 4, wherein the target gene is a COMT gene 
involved in lignin biosynthesis, a CCOMT gene involved in lignin biosynthesis, any 
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other gene involved in lignin biosynthesis, an Rl gene involved in starch 
phosphorylation, a phosphorylase gene involved in starch phosphorylation, a PPO 
gene involved in oxidation of polyphenols, a polygalacturonase gene involved in 
pectin degradation, a gene involved in the production of allergens, a gene involved in 
fatty acid biosynthesis such as FAD2. 

6. The construct of claim 1, wherein the first and second promoters are 
functional in a plant and wherein the expression cassette is located between transfer- 
DNA border sequences of a plasmid that is suitable for bacterium-mediated plant 
transformation, wherein the bacterium is a strain of Agrobacterium, Rhizobium, or 
Phyllobacterium . 

7. The construct of claim 1, further comprising a spacer polynucleotide 
positioned between the first and second polynucleotides, wherein the spacer 
polynucleotide is 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 
46, 47, 48, 49, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 
200, 300, 400, 500, or more than 500 nucleotides long. 

8. The construct of claim 1, wherein the first promoter is a constitutive 
promoter, a near-constitutive promoter, a tissue-specific promoter, or an inducible 
promoter and wherein the second promoter is a constitutive promoter, a near- 
constitutive promoter, a tissue-specific promoter, or an inducible promoter. 

9. A transformation plasmid, comprising an expression cassette, which 
comprises in the 5 5 to 3' orientation (1) a first promoter that is operably linked to (2) a 
first desired polynucleotide, which abuts (3) at least one optional spacer 
polynucleotide, where the 3 '-end of one of the spacer polynucleotides abuts a (4) a 
second desired polynucleotide, which is operably linked to (5) a second promoter, 
wherein neither desired polynucleotide in the expression cassette is operably linked to 
any known transcription terminator. 

10. The transformation plasmid of claim 9, wherein (a) at least part of the 
first desired polynucleotide is in the antisense orientation and wherein at least part of 
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the second desired polynucleotide is oriented as the perfect or imperfect inverse 
complement of the first desired polynucleotide; or (b) at least part of the first desired 
polynucleotide is in the sense orientation and wherein at least part of the second 
desired polynucleotide is oriented as the perfect or imperfect inverse complement of 
the first desired polynucleotide; or (c) at least part of the first desired polynucleotide 
pf (a) or (b) is a promoter sequence or shares sequence identity with a promoter 
sequence. 

1 1 . The transformation plasmid of claim 10, wherein the sequence of (c) 
shares sequence identity with a promoter that is associated with an endogenous gene 
and selected from the group consisting of (1) a starch-associated Rl gene promoter, 
(2) a polyphenol oxidase gene promoter, (3) a fatty acid desaturase 12 gene promoter, 
(4) a microsomal omega-6 fatty acid desaturase gene promoter, (5) a cotton stearoyl- 
acyl-carrier protein delta 9-desaturase gene promoter, (6) an oleoyl- 
phosphatidylcholine omega 6-desaturase gene promoter, (7) a Medicago truncatula 
caffeic acid/5 -hydroxy ferulic acid 3/5-O-methyltransferase (COMT) gene promoter, 
(8) a Medicago sativa (alfalfa) caffeic acid/5 -hydroxyferulic acid 3/5-O- 
methyltransferase (COMT) gene promoter, (9) a Medicago truncatula caffeoyl CoA 3- 
O-methyltransferase (CCOMT) gene promoter, (10) a Medicago sativa (alfalfa) 
caffeoyl CoA 3 -O-methy transferase (CCOMT) gene promoter, (1 1) a Zea mays 
(maize) COMT gene, (12) a major apple allergen Mai d 1 gene promoter, (13) a major 
peanut allergen Ara h 2 gene promoter, (14) a major soybean allergen Gly m Bd 30 K 
gene promoter, (15) a polygalacturonase gene promoter, (16) any other endogenous 
promoter. 

12. The transformation plasmid of claim 10, wherein (1) (i) at least one of 
the first and second promoters is a GBSS promoter and (ii) the first desired 
polynucleotide is a sequence that shares sequence identity with at least a part of a 
promoter associated with a polyphenol oxidase gene; (2) both the first and second 
promoters are GBSS promoters; or (3) the first promoter is a GBSS promoter and the 
second promoter is an AGP promoter. 
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13. A method of reducing expression of a gene normally capable of being 
expressed in a plant cell, comprising exposing a plant cell to the construct of claim 1, 
wherein the construct is maintained in a bacterium strain, selected from the group 
consisting of Agrobacterium tumefaciens, Rhizobium trifolii, Rhizobium 
leguminosarum, Phyllobacterium myrsinacearum, SinoRhizobium meliloti, and 
MesoRhizobium loti, wherein the desired polynucleotide comprises a sequence that 
shares sequence identity to a target sequence in the plant cell genome. 

14. A construct, comprising an expression cassette which comprises (1) in 
the 5 9 to 3' orientation (i) a first promoter, (ii) a first polynucleotide that comprises a 
sequence that shares sequence identity with at least a part of a promoter sequence 
associated with a target gene, (iii) a second polynucleotide comprising a sequence that 
shares sequence identity with the inverse complement of at least part of the promoter 
associated with the target gene, and (iv) a second promoter, wherein the first promoter 
is operably linked to the 5 '-end of the first polynucleotide and the second promoter is 
operably linked to the 3 '-end of the second polynucleotide; or (2) in the 5' to 3' 
orientation (i) a first promoter, (ii) a first polynucleotide that comprises a sequence 
that shares sequence identity with at least a part of a promoter sequence associated 
with a target gene, (iii) a second polynucleotide comprising a sequence that shares 
sequence identity with the inverse complement of at least part of the promoter 
associated with the target gene, (iv) a terminator, wherein the first promoter is 
operably linked to the 5 '-end of the first polynucleotide and the second polynucleotide 
is operably linked to the terminator. 

15. A plant transformation plasmid, comprising the sequence depicted in 
SEQ ID NO: 40 or 42. 

16. A method for reducing cold-induced sweetening in a tuber, comprising 
expressing the construct of claim 1 in a cell of a tuber, wherein (a) the first 
polynucleotide comprises the sequence that shares sequence identity with at least a 
part of an Rl gene or with at least a part of an Rl gene promoter, (b) the second 
polynucleotide is the inverse complement of the first polynucleotide compared to the 
first polynucleotide, (c) one or both of the first and second promoters are GBSS or 
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AGP, and (d) expression of the construct in the cell reduces transcription and/or 
translation of an Rl gene in the tuber cell genome, thereby reducing cold-induced 
sweetening in the tuber. 

1 7. The method of claim 1 6, wherein the first polynucleotide comprises 
the sequence depicted in SEQ ID NO: 23 or 24. 

18. A method for enhancing tolerance to black spot bruising in a tuber, 
comprising expressing the construct of claim 1 in a cell of a tuber, wherein (a) the 
first polynucleotide comprises the sequence that shares sequence identity with at least 
a part of a tuber-expressed polyphenol oxidase gene a tuber-expressed polyphenol 
oxidase gene promoter, (b) the second polynucleotide is the inverse complement of 
the first polynucleotide or an imperfect inverse complement of the first 
polynucleotide, (c) one or both of the first and second promoters are GBSS or AQP, 
and (d) expression of the construct in the cell reduces transcription and/or translation 
of a polyphenol oxidase gene in the tuber cell genome, thereby enhancing the 
tolerance of the tuber to black spot bruising. 

19. The method of claim 1 8, wherein the first polynucleotide comprises 
the sequence of SEQ ID NO: 26 or 27. 

20. A method for increasing oleic acid levels in an oil-bearing plant, 
comprising expressing the construct of claim 1 in a cell of a seed of an oil-bearing 
plant, wherein (a) the first polynucleotide comprises a sequence that shares sequence 
identity with at least a part of a Fad2 gene or a Fad2 gene promoter, (b) the second 
polynucleotide is the inverse complement of the first polynucleotide or an imperfect 
inverse complement of the first polynucleotide, (c) one or both of the first and second 
promoters are napin gene, Fad2 gene, or stearoyl-ACP desaturase gene promoters, and 
(d) expression of the construct in the cell reduces transcription and/or translation of a 
Fad2 gene in the cell of the seed of the oil-bearing plant, thereby increasing the oil 
content of the seed. 

2 1 . The method of claim 20, wherein (i) the first polynucleotide comprises 
the sequence depicted in SEQ ID NO: 28 or a sequence that shares sequence identity 
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with at least a part of SEQ ID NO: 28; or (ii) the sequence of the napin gene promoter 
comprises the sequence depicted in SEQ ID NO: 30; or (iii) the sequence of the 
stearoyl-ACP desaturase gene promoter comprises the sequence depicted in SEQ ID 
NO: 31; or (iv) the sequence of the Fad2 gene promoter comprises the sequence 
depicted in SEQ ID NO: 32, or permutations of (i)-(iv) exist in the construct. 

22. The method of claim 20, wherein the oil-bearing plant is a Brassica 
plant, canola plant, soybean plant, cotton plant, or a sunflower plant. 

23. A method for reducing lignin content in a plant, comprising expressing 
the construct of claim 1 in a cell of the plant, wherein (a) the first polynucleotide 
comprises a sequence that shares sequence identity with at least part of the sequence 
of the promoter associated with a gene selected from the group consisting of caffeic 
acid/5-hydroxyferulic a:cid 3/5-O-methyltransferase (COMT) gene and caffeoyl CoA 
3-O-methyltransferase (CCOMT) gene, (b) the second polynucleotide comprises the 
perfect or imperfect inverse complement of the first polynucleotide, (c) one or both of 
the first and second promoters are petE or Pal gene promoters, and (d) expression of 
the construct in the cell reduces transcription and/or translation of a COMT or 
CCOMT gene in the cell of the plant, thereby reducing lignin content in a plant. 

24. The method of claim 23, wherein the plant is an alfalfa plant and 
wherein the first polynucleotide comprises at least a part of the sequence depicted in 
SEQ ID NO: 33 or 37. 

25. A method for reducing the degradation of pectin in a fruit of a plant, 
comprising expressing the construct of claim 1 in a fruit cell of the plant, wherein 

(a) the first polynucleotide comprises the sequence Qf part of polygalacturonase gene, 

(b) the second polynucleotide comprises the inverse complement of the first 
polynucleotide, (c) both of the first and second promoters are fruit-specific 
promoters, and (d) expression of the construct in the fruit cell reduces transcription 
and/or translation of a polygalacturonase gene in the cell of the plant, thereby 
reducing the degradation of pectin in the fruit. 
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26. The method of claim 25, wherein the first polynucleotide comprises 
the sequence depicted in SEQ ID NO: 39 or at least a part of the sequence depicted in 
SEQ IP NO: 39. 

27. A method for reducing the allergenicity of a food produced by a plant, 
comprising expressing the construct of claim 1 in a cell of a plant, wherein (a) the first 
polynucleotide comprises the sequence of part of a gene that encodes an allergen, 

(b) the second polynucleotide is the inverse complement of the first polynucleotide, 
and (c) the expression of the construct reduces transcription and/or translation of the 
allergen, thereby reducing the allergenicity of a food produced by the plant. 

28. The method of claim 27, wherein (1) (a) the plant is an apple plant, (b) 
the food is an apple, (c) the first polynucleotide comprises a sequence from the Mai d 
I gene promoter, and (d) expression of the construct in the apple plant reduces 
transcription and/or translation of Mai d I in the apple; or (2) (a) the plant is a peanut 
plant, (b) the food is a peanut, (c) the first polynucleotide comprises a sequence from 
the Ara h 2 gene promoter, and (d) expression of the construct in the peanut plant 
reduces transcription and/or translation of Ara h 2 in the peanut; or (3) (a) the plant is 
a soybean plant, (b) the food is a soybean, (c) the first polynucleotide comprises a 
sequence from the Gly m Bd gene promoter, and (d) expression of the construct in the 
soybean plant reduces transcription and/or translation of Qly m Bd in the soybean. 

29. A method for downregulating the expression of multiple genes in a 
plant, comprising expressing in a cell of a plant (1) a construct comprising the 
sequence that shares sequence identity with at least a part of the sequence depicted in 
SEQ ID NO: 40, which downregulates expression of polyphenol oxidase, 
phosphorylase L gene, and the Rl gene in the plant cell; or (2) a construct comprising 
the sequence depicted in SEQ ID NO: 42, which downregulates expression of 
polyphenol oxidase, phosphorylase L gene, and the Rl gene in the plant cell. 

30. A construct, comprising one of the following cassettes: (1) a desired 
promoter sequence Qr a sequence that shares sequence identity with a desired 
promoter sequence, that is operably linked to (i) a first promoter at its 5 '-end and (ii) a 
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second promoter at its 3 5 -end, wherein the desired promoter shares sequence identity 
with a target promoter in a genome of interest; (2) two convergently-oriented copies 
of a desired promoter sequence or two convergently-oriented copies of a sequence 
that shares sequence identity with a desired promoter sequence, that are separated by a 
polynucleotide, wherein the desired promoter shares sequence identity with a target 
promoter in a genome of interest; (3) two copies of a sequence that shares sequence 
identity with a desired promoter sequence that are operably linked to a promoter and a 
terminator, wherein the desired promoters share sequence identity with a target 
promoter in a genome of interest and where the two copies are oriented as the inverse 
complement of the other. 

31. A method for reducing the expression level of an endogenous gene in 
an alfalfa plant, comprising introducing a cassette into an alfalfa cell, wherein the 
cassette comprises two alfalfa-specific promoters arranged in a convergent orientation 
to each other, wherein the activity of the promoters in the cassette reduces the 
expression level of an endogenous alfalfa gene, which is operably linked in the alfalfa 
genome to a promoter that has a sequence that shares sequence identity with at least a 
part of one of the promoters in the cassette. 

32. The method of claim 20, wherein the first polynucleotide comprises a 
sequence with homology to (i) at least part of the sequence depicted in SEQ ID NO: 
28; or (ii) at least part of the sequence of the promoter associated with the napin gene 
depicted in SEQ ID NO: 30; or (iii) at least part of the sequence of the stearoyl-ACP 
desaturase gene promoter depicted in SEQ ID NO: 31; or (iv) at least part of the 
sequence of the Fad2 gene promoter depicted in SEQ ID NO: 32, or permutations of 
(i)-(iv) exist in the construct. 
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Figure 9 

Part of PI promoter that facilitates gene silencing 

CAAGTGGGGAACAAAATAACGTGGAAAAGAGCTGTCCTGACAGCCCACTCACTAATGCGTATGACGAACGCAGTGAC 
GACCACAAAAGA (SEQ ID NO: 60) 
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FIGURE 10 
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FIGURE 10 (continued) 
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FIGURE 10 (continued) 
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